
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 







'■i« ♦'- •. ^'« 


r :.' 






/^ "• • 




<• * 


■\^' 








^ 






« 


« 4k 

J: 


.• s^j (^ • A. . . • .. 
















• \\ * ^,' -%*■ -^ ^ *. 


• •• • • •-, .7 ^ -..•.. •.•-■^_. 



:n 



CARNEGIE INSTITUTION OF WASHINGTON 
Publication No. 40 



••• 

••••• 
••••• «••• 

•• • 



■<•••• 



• •• • >!•.••• 

• • •« • ••• 

• • •• ••••• 

• !•••• ••••• 

•*•• •*•: •••• 

*!•• •••!: 

•'•• v.v; : • : 

••• J • •• •• 

•••• •••• •• • 

,••., •..,.• •. •••• 

' ••••• ••••• 

• • • 




••V>« THE HENRY E. WILKEN8 PRINTINQ CO. 

• •••• 
• ••• WAIHIMtTOII. O. O. 



PREFACE. 



The object primarily in view when the present experiments were 
begun was a continuous record of the nucleation of the atmosphere in 
a locality relatively free from the habitations of man, and therefore free 
from nucleations of local and artificial origin. In other words, it was 
to be determined whether below the fog-limit of dust- free air, i. e., below 
the least exhaustion at which filtered air condenses without foreign 
nuclei, the atmosphere contains any nucleation whatever beyond that 
introduced from terrestrial sources and coming chiefly from the origin- 
ally ionized products of combustion. An investigation of this kind 
seemed well worth while, after it had been shown* that the nucleation of 
the atmosphere, even above cities, obeys certain clear-cut laws, showing 
a marked tendency to reach an enormously developed and sharp maxi- 
mum in December and a flat but very low minimum in June. The 
former at least does not in general coincide with the period of maxi- 
mum cold, and the possibility that some effect from without was super- 
imposed on the local effect seemed sufficiently probable to warrant 
special inquiry. This was carried out as detailed in Chapters IV and V 
of the present memoir, in two series of observations, made with similar 
apparatus, simultaneously at Providence and at Block Island. The two 
stations, lying about 70 kilometers apart, pass through practically the 
same meteorological variations of wind and weather; while Block 
Island, surrounded by a body of water whose smallest radius is nearly 
20 kilometers from the center of the island, while one-half of it fronts 
the ocean, is in the winter at least nearly free from local effect. Leav- 
ing the detailed discussion of the results to the chapters specified, it is 
noteworthy that the average monthly nucleations at both points of 
observation show the same law of change, though the actual fluctuation 
at Providence is naturally less salient. The data found at each station 
prove that the tendency to pass through maxima in December, observed 
at Providence in 1902-03 and 1903-04, has again unmistakably asserted 
itself. In addition to this, however, the observations at both stations 
developed a new and surprisingly pronounced maximum in February as 
the chief feature in the nucleations of the last winter. Predominating 
in each of the series of results over the earlier maximum, and holding 



* Banis : Smithsonian Contributions, Vol. XXXIV, 1905. 
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IV PREFACE. 

for different bodies of air, the February maximum at least can not be 
of local origin; and it is thus in a measure probable that the December 
maximum also is due to non-local causes. But whether these are the 
aggr^;ated effects of remote terrestrial sources, or whether they repre- 
sent an actual invasion of the atmosphere on the part of some cosmic 
agency, remains to be seen. 

The air to be treated in the present series of experiments is, therefore, 
continually approaching a state of purity so far as foreign admixtures 
are concerned. Hence the properties of dust-free air, or in practice of 
filtered air, became increasingly important. It may be proved by aid 
of the inclosed steam-jet^ that even dust-free air must be an aggregate 
of nuclei, whose number grows rapidly larger as their diameter de- 
creases, with a maximum for molecular dimensions; or that size is 
distributed among the molecules and quasi-molecules of dust-free air 
in a way somewhat recalling the distribution of velocity among mole- 
cules, and that among particles larger and smaller the air molecule 
represents a condition of maximum occurrence. The fog-limit of dust- 
free air is thus a variable quantity, depending eventually on the details 
of the method of filtration, or other process for rendering the air dust- 
free. In fact, as the fog-limit rises, the coronas for a given exhaustion 
above the fog-limit increase in aperture, up to a limit. It should always 
be remembered that the particles or nuclei here in question are very 
small, even in comparison with ions. 

With the object of meeting the state of things in question, systemat- 
ically, the data in Chapters I, II, and III were investigated, while 
Chapter VI contains a summary of the work as a whole. The method 
employed is believed to be a new departure, inasmuch as all results arc 
expressed in terms of the number of nuclei observed per cubic centi- 
meter, so that the nucleations produced are the criteria throughout. To 
offer conditions sufficiently varied for the experimental work, the nucle- 
ation of dust-free air is in these chapters coarsened by ionizing it, either 
by the X-rays or by a weak sample of radium acting through a sealed 
tube. It thus appears that the ions or fleeting nuclei resulting are also 
pronouncedly of all sizes within limits and that the increment of nuclea- 
tion between two definite degrees of exhaustion (i. e., degrees of sudden 
cooling) above the fog-limit but not too far from it, is greater as the 
radiation applied from without is more intense. Virtually the grada- 
tion of particles is thus more fine-grained or more nearly continuous 
with the efficient nuclei lying within closer limits of size, as the ioniza- 
tion is more intense. 

^Bams: Bulletin U. S. Weather Bureau, No. 12, 1893. 
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PREFACE. V 

Throug^ut the whole research the important bearing of the solu- 
tional or water nucleus^ on the phenomena of condensation is manifest 
If the nucleus is soluble in water, vapor pressure decreases with the 
omtinued evaporation of the fog particle, until the decrement of vapor 
pressure due to increased concentration of the solution is equal to the 
increment due to increased curvature. The result is a persistent solu- 
tional nucleus (water nucleus), necessarily larger than the original 
nucleus of solute. A great variety of puzzling phenomena like the alter- 
nations of efficient nuclei in successive otherwise identical exhaustions, 
the persistence of fleeting nuclei or ions on solution, the lowered fog- 
limit of an evaporated corona, etc., thus find a satisfactory explanation. 

The final general result to be referred to here is the readiness with 
which nuclei are produced by the gamma-rays, even after penetrating a 
centimeter or more of lead, together with the distinction which is thus 
drawn, experimentally, between these rays and the X-rays. The latter 
show small penetration, but are so phenomenally active in producing 
secondary radiation that to a wooden fog-chamber the distance effect 
for a radius of over six meters between bulb and fog-chamber is 
relatively neglible. The effect of the gamma-rays, on the contrary, in 
spite of the remarkable penetration evidenced, for instance, by the 
nucleation produced, is nearly vanishing when tested by the same 
nucleation at a distance of but 50 centimeters. Again, within the 
fog-chamber the distribution of nuclei along the axis is in both cases 
uniform for all distances (50 cm.) within the range of observation, 
except when the X-radiation is sufficiently intense to produce persist- 
ent nuclei. In this case the curiously pronounced distribution detailed in 
Chapter I is observed, which seems to show either that the nucleation 
originates in the walls of the vessel or that, in consequence of second- 
ary radiation, the density of ionization near the walls is such as to 
promote rapid growth of nuclei in those parts to abnormal sizes. The 
nuclei in question are over 200 times more persistent than the ions, and 
if they decay by breaking into like fragments one may estimate that the 
former are 5 or 6 times larger in diameter than the latter. Persistent 
nuclei produced by the X-rays require, in fact, but a vanishing pres- 
sure difference to induce condensation. They have, moreover, the 
property of increasing in number if left without interference for a 
short time after radiation ceases. 

In view of the interest which thus attaches to dust-free or filtered air, 
the nuclear systems of which are throughout small as compared with 

^Bams : Structure of the nucleus, Smithsonian Contributions, No. 1373, 1903. 



VI PRBPACE. 

die madi ooaner ions, and show rapidly increasing numbers with 
deercasiflg: nze tmtil tfie molecolar dimensions are reached or even sor- 
paiied in degrtes of smaUness, I have undertaken and have now in 
progress, under the auspices of the Cam^e Institution of Washington, 
a sy it e m ati c research on the properties of filtered air. The fact that 
the nocleation reqxmds to yery penetrating rays, like the gamma-rays 
of radittm, adds additional interest to the inquiry. 

In coodosion, it g^es me pleasure to acknowledge my indebtedness 
to Mn Robinson Pierce, jr., for the efficiency and patience with which 
he omdtKttd the measurements of nucleation at Block Island, placed 
m im diarge under the very trying mid-winter conditions there encoun- 
tered. Hif results are given in Chapter IV. I am further indebted to 
Miii LiUie L. Sdiolfidd, by whose skill in drawing and experience in 
editorial work I have materially profited. 

My lliaiiks are due finally to the Chief of the U. S. Weather Bureau, 
far Wf kkidiieu in placing suitable quarters for observation in the 
Weatlier Bttrcau Building at Block Island at our disposal, and to Mr. 
Day, tfie officer in charge of the station, for many courtesies throughout 
tlie work, 

Cari. Barus. 

BflOWM UirivnfiTY, Providence, R. I., July, 1905. 
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CHAPTER I. 

RESULTS WITH AN OBJECTIVE METHOD OF SHOVING DISTRIBU- 
TIONS OF NUCLEI PRODUCED BY X-RAYS, FOR INSTANCE.* 

L IltrttaCtMrf. — By passing the X-rays into one end of a long rec- 
tangnlar (yirtomlly tnbolar) condensation chamber and obsening the 
efiect produced after successive different intervals ot time by the 
condeosation method, evidence, with a possible bearing on the origin 
of these nndei, was obtained. The coronas are distorted and at fixsl 
occur on the bulb side of the apparatus only. The distribution of 
nuclei is inferred from the form of the corona. 

The experiments described were all made with stricdy dust-free air, 
as both the method of precipitation and of filtration were applied j 
to each experiment. Furthermore, as the exhaustions 
the use of short lengths of rubber tubing (}^, H* >^^ < ^>>^ ^ ^^'"^ 
in the different cases), the amount of sudden cooling obtained does 
not directly correspond with the pressure difference, ip, owing to the 
Rsistance of the tube to the flow of air. The daU, ip, thus refer to a 
given type of apparatus, but they are satisfactory as relations, so long 
as this is not changed. Furthermore, the picssure difference 
adjusted as to entrap all X-ray nuclei, to the exclusion of the i 
quasi-molecular nuclei of dust-free air, or at least of such nuclei for 
idiich a packed-cotton filter is no barrier. 



X ApiWinitus,^— The method was purposdy reduced to 
aim^icity, and the apparatus is shown in figure i. ^ ^ is the long 
rectangular condensation chamber of wood i m pr ^ ii a ted with icsiuous 
cement. The front and rear hcts are plate glass, through which die 
coronas may be observed. The other sides are lined within with thick 
cotton cloth, kept wet, and there is a layer of water at the bottom to in- 
sure complete saturation of air. C is a stopcock leading to an e ffci e nt 
filter (not shown;. Supersaturation is produced by sudden rrharwtio n 
at the B end of the apparatus, while the A end receives the radfaaon 
from the X-ray bulb, X. A large vacuum chamber was placed fa 
connection with the exhaust pipe shown, through a wide stopcock, 
the details of which need n#>t U explained. The X-rays 
not very penetrating, and were obtained from a soft bulb : 

* If ach of the expterimeaul p*rt ^A thi% ch^puir wa« c^xried cat by ICr sjxvaca 
Pierce, jr., and otyietf, coajfAatif, 
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a small induction coil (4" spark) and 3 to 5 storage cells. Two filters 
of solidly packed cotton were used, one 7 inches and the other 16 
inches long. They were about equally efficient. 




Fig. 



-Fog chamber, A B, with appurtenances and X-ray bnlb, X, 



a. Vertical radlatfon at one end of tbe troneb, enterinc throni^i 
wood. — In the preliminary experiments the bulb was placed so sis to 
radiate into the trough in the position shown at R, and kept in action 
5 minutes. The effect was then observed by condensation at the 
pressure difference, 8^= 17 cm., much below the fog limit of dust-free 
air (section 6). Two results were noted : In the first place, while the 
coronas obtained with the X-rays in bulky apparatus are usually of 
the smaller or normal type, the coronas seen in this shallow apparatus 
were often enormous, transcending the middle green-blue-purple 
corona (nucleation, «= 100,000 per cubic centimeter). Even after two 
or three subsequent exhaustions, filtered air being added prior to each, 
large coronas were still in evidence. In the second place, the coronas, 
and hence the nuclei, were observed chiefly on the A side of the 
apparatus, under the bulb. Fearing that there might be some direct 
effect due to induced high potentials, the X-ray bulb was raised 10 
and 20 cm. above the trough, with results naturally smaller in magni- 
tude, but of the same kind. The following data may be given: 

Tablb z. — Number of nuclei, n, in thousands per cm.'. 9/= 17 cm. Temperature 
about 20**. Angular aperture = 5/30. 



Time of radiation. , 



Bulb 



trough (2 cm.). 



5 mia. 5 min. 5 min 



Bulb 10 cm. 
aboTC trough. 



6 min. 5 min. 



Bulb ao cm. 
aboTe trough. 



6 min. 



Coronas on — 

First exhaustion 

Second exhaustion.. 
Third exhaustion... 



(*) 
5-9 



68 



(♦) 
6.5 
5-9 



68 



3-9 
2.7 



n 
20.5 
6.62 



3.5 
7 



15 
6.6 



2.7 
1.9 



6.6 
2.2 



* Immense, but too diffuse for measurement. 

In all cases the first coronas were accompanied by dense rain and 
fogs, frequently in horizontal strata, so that sharp measurements of 
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aperture are generally out of the question. Moreover, the first con- 
densation is accompanied by turbulent displacement of fog particles 
and the contents of the receiver are thoroughly stirred up. After 
filling with filtered air and exhausting again, the coronas are there- 
fore nearly uniform and alike on both sides. In the above table the 
nucleation produced decreases about as the inverse square of dis- 
tance, but as the bulb is essentially variable in intensity such a result 
is not trustworthy. 

4. Axial radiation entering one end of tronglu— Seeing that it is 
possible to retain the nuclei on one side of the trough, subsequent 
experiments were conducted with the X-ray bulb placed as shown at 
X in the figure. Moreover, a smaller interval of radiation was 
selected to more and more fully exclude the displacement of nuclei 
by diffusion. The angular diameters (about j/30) of the coronas were 
measured with two goniometers, one on each side (A and B) of the 
trough, the distance of the coronal centers from the bulb being about 
20 cm. and 47 cm., respectively. The following table summarizes 
the results obtained, remembering that all initial coronas are coarse 
and blurred and accompanied by copious rain and fog, so that the 
diameters must be estimated : 

Tablb 2.-~Number of nuclei in thousands per cm.'. 8/ = 17 cm.; angular 

diameter, = ^/30. 



Time of radiation. 



2.5 mmutes. 
3.5 minutes. 
2 minutes. 
2 minutes. 



Corona on first 
exhaustion. 



A side. 



5 

4-5 
4-5 
4.0 

2.5 



n 
32 
32 
22 

5-2 



B side. 



2.2 
2.2 

2.0 

o 



n 

3.3 
3.3 
2.5 
o 



Corona on second 
exhaustion. 



A side. 



5 
3-2 



n 

II 



B side. 



5 
3.0 



n 
9.3 



The second coronas are obtained after refilling with filtered air, and 
it is noteworthy that after the rains of the foggy first coronas fall out 
(which they do rapidly), there are abundant nuclei left for the next 
corona. As stated, the nuclei are now uniformly distributed and the 
coronas persistent, while in the first exhaustion, apparently, certain 
larger particles captured all the moisture and removed it in a rainy 
precipitate. The smaller particles are therefore evaporated into water 
nuclei (as will be shown below), while the initial temperature of the 
fog chamber is being rapidly regained. 

It is to be observed, moreover, that the nucleations on the A and 
the B sides in these cases are on the average as 9 : i , or in a larger ratio. 
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while the ratio of distances is below 1:2, because the absorption of 
the wood is equivalent to a removal of the bulb ; hence the density 
of distribution falls off faster than the inverse cube. The contrast is 
even greater, because in the 2 or 3 minutes of radiation some nuclea- 
tion must arrive on the B side by convection and diffusion. 

We were originally of the opinion that there is marked absorption 
of the nucleating power of X-rays, by the successive vertical layers 
of air from left to right, but it is best not to prejudge the case here. 

5. Conttnued for larger pressure differences. — Several questions now 
present themselves for immediate decision, viz, whether all the X-ray 
nuclei have been caught and in how &r the exhaustions are below 
the point of spontaneous condensation of moist air. Accordingly 
larger pressure differences were applied. Table 3 gives a few examples. 

Tablb 3. — Nacleations, «, in thousands per cm.'. Time of exposure to X-rays, 3.5 
minutes. Angular aperture ^ ^ 5/30. 
'/= 17*" 2I*" 3X*" 



Side 


A B 


A 


B 


A B 


s = 


4.6 1.8 


3-9 


2.1 


2.8 2.5 


Ratio 


35 1.9 

18: I 


27 
7.7: 


3.5 
I 


II 7.8 
1.4:1 



Hence above &p = 2i cm. for this apparatus, nuclei show themselves 
on both sides, and the question arises to what extent the normal air 
nuclei (of dust-free air) have been captured. At 8^ = 31 cm. the fog 
particles condensed on X-ray nuclei probably drop out at once and 
the persistent corona observed is precipitated on the normal air nuclei 
stated. At all events, the gradual evanescence of the X-ray effect as 
ip increases is noteworthy. 

6. CaBdensatloii dust-free of mobt air In the absence of X-ray nuclei— 
POf Umlt. — With the object of finding the pressure difference of 
exhaustion, ifi, corresponding to the lower limit of spontaneous 
condensation of moist air without foreign nuclei, experiments were 
first tried with a cock ^ inch in bore, in the exhaustion tube. The 
results were identical on the A and the B sides, as follows : 

Taslc 4.-— Spontaneous condensation in saturated air. Angular aperture = 5/30. 

«/ = 24'- 3I'* 

s = 2.2 2.7 

Repeated. m = 2.4 3.2 

'* M= 2.1 — 

iMy,, Ur|(e filter, j ~ 2.2 3.5 

Do, J = 1.9 — 

Air over night, m ==■ 2.0 — 

• /J||~ 22**, « = O 



FOG LIMIT. 5 

This indicates that at a pressure difference of about ipQ = 22 cm. for 
the given apparatus and dust-free moist air, spontaneous condensation 
with vanishing coronas begins on sudden cooling and that thereafter 
the coronas increase regularly. This pressure, 8^0, will be usually 
referred to as the **fog limit." 

In corroboration with the preceding, similar experiments were tried 
with an instantaneous valve, opened with a hammer, and having a 
clear bore of over i inch. The results shown in table 5 were identical 
on both sides, but unexpectedly irregular, the only explanation for 
which might seem attributable to a possibly unequal degree of sudden- 
ness in opening the valve. But this is not the case; for alternations of 
large and small coronas in dust-free air, such as are here imperfectly 
shown, may be kept up indefinitely if strictly identical conditions 
are retained. Effectively, the large fog particles emit more nuclei, the 
smaller fewer nuclei for the next condensation in order, everything 
else remaining the same. The importance of these oscillations about 
the mean aperture, whether the emission is ionized or not, can not be 
called in question, as I shall show in Chapter II. 

Table 5. — Spontaneous condensation of saturated air. Angular diameter ^ = 5/30. 



Press, diff. 


,, 


«j»= 


I9« 


19.4' 






5 = 


2.3 


3.4 


Repeated, 




s = 





2.1 


•« 




s = 








«< 




s = 








•• 




s=^ 


— 





i« 




s = 


— 





Mean. 


' 


s = 
n = 





«iJ0<2O«-. 





«=o 



21. 4« 


24« 


3-3 


4-4 


2.0 


2-5 


3.0 


4-3 


2.0 


3-5 


3-5 


3.3 


2.2 


3.3 


2.7 


3.6 


7,600 


21,000 



For 8^=19.4 and below, therefore, no nuclei appeared after thor- 
ough cleaning. For 8^ = 20 cm. and above, /. ^., at a somewhat 
lower pressure difference than before in consequence of more rapid 
exhaustion, spontaneous condensation begins. The large coronas 
are blurred. Hence in neither case will air nuclei be caught at 
8^ = 17 cm., in the given apparatus. 

7. Possibility of producing nuclei by sndden Intense exhaustion.'*'— The 

condensation of the moist air in the absence of foreign nuclei may 
be considered as due to the spontaneous nucleation of the air, the 
available nuclei increasing in abundance as with increasing pressure 

* Investigations on the spontaneous condensation of moist air were first suggested 
by myself, in Bull. U. S. Weather Bureau, No. 12, 1893, pp. 13 and 48. They have 
since been fully treated in the masterly work of C. T. R. Wilson, Trans. Royal Soc. 
Lond., vol. 189, pp. 265, 307, 1897 ; ibid., vol. 192, pp. 403-453, 1899. 
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differences the sizes of captured nuclei are smaller, nntil the air mole- 
ctile itself is approached. It follows, then, that normal dtist-free air 
always contains unstable systems. 

Hence the question may well be asked whether very sudden and 
intense exhaustion may not itself possibly be productive of nuclei. 
Thus, if an unstable molecular configuration is just about to break 
down, it is conceivable that the tendency to break down is accentu- 
ated by the violent treatment in question. 

We made some experiments on this subject, by looking for the 
presence of ionization under these conditions, using a pressure differ- 
ence, 3/>3o cm., by placing a gold-leaf electrometer, properly insu- 
lated, in the condensation chamber. The loss of charge in damp air 
is at first surprisingly small ; nevertheless the experiments are very 
difficult and we were unable to come to a conclusion. 

8. Successtrely Increasing times of ezposnre to X-radiation.— After 
this digression, experiments were resumed with the apparatus, as 
shown in figure i. The pressure difference, 8^ = 17 cm., was used 
throughout, as this is well within the lower limit of spontaneous con- 
densation for the given receiver, while coronas may be obtained with 
X-ray nuclei for pressure differences even lower than S/=io cm. 
Such coronas are vague, however, until the rain nuclei are thrown 
out, and on second exhaustion (n = 39,000, ^ = 4.8 were usual values 
after 4 minutes of exposure to the radiation) they are naturally faint. 

The immediate incentive to the work of the present section was 
given by the occurrence of elliptic distortions of coronas, sis shown 
in the following tables : 

Table 6. — Distorted coronas, Increasing times of exposure to X-rays, ip^iy cm. 
Coronal center 19 cm. (A side) and 46 cm. (B side) from bulb. Angular aperture 

— 5/30. 

Time, 2 min. 



Side, A B 

First exhaustion, 5 = 4.5, elliptic, strong. i-o? faint, circular. 

Second exhaustion, 5 = 2.7, circular. 2.4 circular. 

First exhaustion, s = 4.6, elliptic, strong. 0.0 

First exhaustion, 5 = 4.6, elliptic, strong. 0.0 

Tablb '7. — Preceding table continued. 
Time, i min. 2 min. 3 min. 



Side, ABA B A B 

5= 3.1, round, o 4.1, elliptic, o 5.8, ellipse, larger o 

strong. strong. and distort^. 

On second exhaustion, after refilling with filtered air, the coronas 
were nearly identical on both sides. 



CAMPANULATE CX)RONAS. ^ 

A series of observations was now systematically carried out, on- 
fortunately with somewhat weaker radiation. After 1,2, and 3 minntea 
of exposure, respectively, the coronas on the A side were round to 
roundish {cf. figs. 2 and 3), of gradually increasing strength and 
density, and with rainy precipitation and fog usually marked. There 
was nothing on the B side even after 6 minutes of exposure. After 
4 minutes (cf. fig. 4), the corona became spindle-shaped, ^=5.4 cm. 
in major axis, accompanied by rain from horizontal layers of fog. 




Figs. 2-6. — A succession of distorted coronas. 

After 6 minutes of exposure to the X-rays, the coronas underwent 
remarkable distortion, becoming gourd-shaped (fig. 5), often with a 
long, serpentine neck dipping into the B side of the condensation 
chamber. The length of figure on the goniometer was about 6.8 cm., 
the outline being orange and the field within greenish. Rain and fog 
abounded. The coronas on second exhaustion (after adding filtered 
air) were green-blue-purple, s = 4.9, n = 42,000, and white-red-green, 
s = 4.5, n = 32,000, on the A and B sides, respectively. The experi- 
ment was repeated, with like results. 

After 8 and 11 minutes of exposure, both the A and the B sides 
became the seat of the now wedge-shaped corona {cf. fig. 6), greenish 
within and orange in outline. There was much rain and fog. 

Figures 2-6 are seen immediately after the exhaustion. A moment 
later there is a storm-like disturbance in the condensation chamber, 
accompanied by rain and fog. Hence the distribution of nuclei found 
on exhaustion is incompatible with a persistent distribution of fog 
particles. In fact, the first coronas usually fall out rapidly, showing 
the occurrence chiefly of large fog particles in spite of the corona. 
The second coronas are circular and persistent, whence a nearly uni- 
form distribution of nuclei may be inferred. 

9. Symmetrically graded sizes or numbers of fog particles.— Since 
the coronas obtained all show an unmistakable tendency to horizontal 
symmetry with reference to the longitudinal axis of the condensation 
chamber, the nuclei to which the coronas are due must either origi- 
nate in, or else be absorbed by, the top and bottom of the apparatus. 
Nuclei originating or lost at the front and rear faces are nearly 
uniformly distributed normal to the line of sight and produce circular 
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Nadci originatiiig or lost at the left-hand end of the cham- 
ber win additioaallj distort the corona, and soch distortion is clearly 
m tfvideaoe, afxut from the one-sided position of the coronas. 

Mere insp ection of tiiecor<»as (figs. 2-6) shows that they are larger 
for fog particles near the axis, and smaller for particles near the top 
aad bottom of decondensation chamber. Hence it is next necessary 
to explain that the details of the distorted coronas observed actually 
correspond with a gradation of the number of tffeciive or available 
mncka^ from the axis outward on all sides. In the case of linearly 
graded fog pa rt icl e s increasing in diameter, S, from bottom to top, it 
ap pe ar s that the equation of the apertures, s, of the loci* of like color 
of the corona is 

'--i^s^ V y' + — i. — > 

wliere if is the aperture for the particles of diameter, ^, in the horizon 
orfrfaae of sight, and S the angle in polar coordinates between the 
ladtiis vector to the part of the corona in question and the horizon- 
tal, die origin being at the center of the corona. Finally S = ^—ak. 
Such coronas when the gradation becomes marked are campanulaie 
in <mtline, finally becoming basin-shaped. 




Fig. 7. — Computed corves. 

In the present case, however, there are two symmetrical distribu- 
tions of this kind, /. ^., increasing diameters of fog particles from 
the axis of the chamber toward the top and the bottom. Hence 
pairs of intersecting curves, two examples of which are given in 
figure 7 f ^ > a), show the coronas to be anticipated, if the remote 
parts beyond b and c of the corona are ignored and only the stronger 
corves surrounding the spot of light, d, admitted. In other words, 



^BanM; Am. Jomm. Set. (4), XIII, p. 309, 1902. 
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as the distance, b c, varying with the number of axial nuclei and the 
distribution constant, a, increases, all the figures, 2, 3, 4, 5, 6, may be 
logically evolved. 

On the left-end face, moreover, there would be special interference 
with the distribution of nuclei giving rise to the corresponding dis- 
tortion seen in the coronas. Further distortion due to the decrease 
from left to right of the intensity of the radiation must also be 
apparent, and the gradient of distribution will be slightly altered by 
diffusion. One may note that if anything issues from the walls of 
the vessel, it comes as abundantly out of the water below as out of 
the wet cloth above. 

10. Possible origin of nuclei at walls of receiver.— As has already 
been suggested, the observed gradation of fog particles may result 
from the (real or virtual) evolution of effective nuclei at the top and 
the bottom of the apparatus, in consequence of the impact of X-rays 
on those parts. There is much electric evidence against such an 
explanation ; nevertheless it is worth a brief examination, particularly 
as it includes the effect of secondary radiation to be discussed below 
(Chapter III). 

The enormous coronas which have been obtained with the above 
(shallow) apparatus, as compared with the small coronas seen in the 
cases of more bulky apparatus, is in keeping with this view. Again, 
the rapid decrease of the nucleating power of the X-rays might to 
some extent be associated with the increasing obliquity of the rays, 
but no evidence of this was found. 

The observed distortion of coronas is clearly due to a gradation of 
nuclei, either as to size or number, or both. If efficient nuclei issue 
from the top and bottom, they must be present in greatest number near 
those parts of the apparatus, and consequently the largest diameter of 
coronas should apparently be found there. But if the largest number 
of effective nuclei is present near the top and bottom, the tendency 
to growth by cohesion will also be most marked in those regions. 
Hence, with this admission, the largest nuclei must be looked for 
nearest the top and bottom, while the gradation in size decreases regu- 
larly toward the axis. The large nuclei, therefore, may be sufficiently 
numerous near the walls to capture all the available moisture on con- 
densation, leaving the small nuclei without a load of water and unable 
to appreciably descend. Hence the marked rain effect, the rapidity 
with which the first coronas usually drop out, the turbulent motion 
which succeeds condensation, the occurrence of large persistent coronas 
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on second exhaustion even after the first coronas have quite dropped 
ont, etc., are all in a measure accounted for. 

Finally, one may note that secondary radiation (the importance of 
which I at first underestimated) issuing from the top and the bottom 
of the condensation chamber would accentuate the present effect, or 
even wholly replace it. 

Thus it seems not unreasonable to infer that nuclei are produced by 
the impinging X-rays in much the same way in which they are pro- 
duced by high temperature (ignition), or by high potential; and the 
question arises whether the nuclei thus put in evidence may not be 
associated with the electrons to which the cohesions between the 
molecules may be ascribed. 

11. Absorptton of ions at walls of recetyen— if the nuclei due to the 
ionization of air by the X-rays are absorbed at the walls of the receiver * 
a diffusion gradient will be established, resulting in a decreasing num- 
ber of nuclei from the axis outward, a distribution the reverse of the 
preceding. The observed distortion will therefore here be due to a 
gradation in the numbers of nuclei. 

One difficulty in the present instance seems at first sight to be fiital; 
for no reason is suggested why the coronas on second and third 
exhaustion do not eventually show flower-like distortion, which they 
never do. In other words, it is here tacitly assumed that only the 
nuclei in the nascent state, as it were, are appreciablyidiffusible, while 
the nucleus is relatively a fixture. It will be shown in Chapter III, 
however, that on second and third exhaustion all the nuclei have 
probably been converted into solutional water nuclei by evaporation, 
so that the difficulty in question is not serious. 

12. Summary. — ^To decide between these hypotheses it is necessary 
to guide the X-rays by screens, suitably placed both on the inside and 
the outside of the apparatus; but these experiments will, in the suc- 
ceeding chapters, lead to results much too diffuse and complicated in 
character to be summarized at present. 

Here there is room only for a final remark. Whenever nucleation 
and ionization are associated as the outcome of any process (physical 
or chemical), the former is generated proportionally to the latter, in 
such a way that each is produced at its own rate depending on inci- 



*A number of similar cases have been worked out in Smithsonian Contributions, 
No. 1309, 1901, "Experiments with ionized air;" and ibid., No. 1373, Chapter V, 1903. 
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dental conditions. This is best worked ont with water nuclei. The 
subsequent life-history of the nucleation and the ionization is distinct, 
nuclei, when produced by intense radiation as above, being surprisingly 
persistent, ions by contrast characteristically fleeting. Hence it seems 
to me to be best in keeping with all the data in hand to regard the 
nucleation as the product which owes its growth or origin to the 
expulsion of the corpuscles representing the concomitant ionization. 
Ignition and high potential nuclei, X-ray and radiation nuclei in 
general, phosphorus and water nuclei, produced throughout in strictiy 
dust-free air, all admit of this account of their occurrence and prop- 
erties. There is no observable case of a process producing ionization 
without nucleation, although there are many cases of nucleation free 
from ionization. 

11. Tentatiye experiments with lead screens, inside and outside of the 
tog chamber. — ^These experiments were made in large number; but 
owing to the variability of the X-ray bulb and the action of the coil, 
as well as the difficulty of realizing truly geometric conditions with 
X-radiation, they are not satisfactorily conclusive. It will be seen in 
the following chapters that results like the present can not in any case 
be more than preliminary in character. 

The screens were lead plates with holes cut in them, or lead tubes 
soldered to the edges of the holes normal to the plate. They were 
placed between the X-ray bulb and the A end of the fog chamber to 
guide the radiation. 



8 


1 


K- 





/(? 



Figs. 8-io. — Forms of lead screens. 

In case of the observations i to 6, the screen was in the shape of 
figure 8, with a horizontal slit lo cm. long and 1.5 cm. wide, stretching 
nearly across the end of the fog chamber. Often screens of this kind 
were adjusted 2 to 3 cm. apart, as shown in figure 9. The screen was 
earthed and the bulb placed as near it as practicable. 
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Tablb 8.— Miscellaneous experiments, chiefly with screens. Long fog chamber. iroL 
13,000 cm.', ^p usually 17-18 cm. Coil with 4 cells. Observations at middle of 
chamber, 29 cm. from end. 



No 


Bxpo- 




■arc. 




Min, 




10 




6 




11 




10 




7 




10 



Coronft. 



Screen. 



Round .. 

do.. 

Ovftl?... 



Orftl.... 
Round. 



8.0 
0.0 
4.0 
8.0 



1>ad. with slit. 

....do 

....do 

Same, doubled.. 
Screen feniOTed 
Double-slltted 



Corona stronir; dear. 
Corona vety small. 
Corona not shaip. 
Noc 



7 
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8 
9 
10 


7 
IS 

11 


11 


11 


11 
IS 
14 


H 
18 

10 


16 


SO 


10 
17 


11 
11 


18 
10 


10 
10 


SO 


10 


SI 


11 


ss 


8 


ss 

S4 

S6 


6 
6 
& 


SO 
»7 


6 
8 


S8 
S9 

SO 
31 
8S 


4 
4 
4 
4 
4 


88 
84 


4 
4 



Ot«1. 



Clear.. 
Ovftl.. 



Round. . 



..do. 
.do. 



Round. . 
....do.. 



0.0 

0.1 
0.0 
0.0 

0.0 

0.0 
(?) 
6.0 

4.0 



8.0 
8.0 

0.0 

(?) 
(?) 



Lead, with tube, S>6 cm. 

diameter, 8 cm. long. 

Screen removed 

Lead, with tube (szlal) 
Do., tube directed to 

bottom. 
Tubesxiftl 



Do., bulb plate normal. 
Tube directed to glam. 
Screen off. .............. 



1>ad,with tube, 8.6 cm. 
diameter, 4 cm. long. 



On both ▲ and B sidca. 
Corona Just visible. 

Just visible; forais 
gradnally. 



Small c 

Large diffuse eonma; 

straU. 



.do. 
.do. 



.do. 
.do. 



.do. 
.do. 



Strona corona; larger 
in flilddle of appara- 
tus. 

Clear corona;littlc fog. 

Clear corona, oval oa 
Aside. 

Coll worka badly. 

CoU works badly (?). 
Corona Just appears. 

Small coronas tmbogh* 
out chamber. 



Recent results,^ with more powerful coil (6 cells) 8p — 16.7. 



Distorted; fog 

and streamera. 

Campanulate . . 

Streamers 

Round 



do 

Streament.... 
8p. 

Pine oval 

Round 

Roundish 

Round 

Open on top... 



Roundish . 
....do 



Asideftill. 



.do. 
.do. 



8.0 



S.4 

A and B aides full 
18.6 
0.4 
S.5 
4.6 
8.6 
1.0 

8.0 
8.6 



Disk of lead 8 cm. in 
diameter over center. 

do 

do , 

Hole (a. 5 cm.) in lead 
plate. 

...r.do 

Screen off 

Six cells 

Lead tube axial 

Lead tube at top.. 

Lead tube axial 

Lead tube at top 

Lead tube at bottom. . , 



Lead tube axial. 
....do 



Si-S.4. 

«a-4.s. 

«•— large. 
*i-1.9^ 

^««-l.l. 

l««-6.Qi 

l<s-s.a 

Corona on both 



Corona horses he 
shsped. 

Coil improved. 



* All lead screens earthed. 



t Campanulate on B side. 



Since the front and rear faces of the fog chamber can only contrib- 
ute a distribution of nnclei corresponding to round coronas with the 
given line of sight, while the lead cuts off most of the efficient radia- 
tion from the top and bottom, round coronas should appear if the 
nuclei come out of the walls. This was, in fact, the case in the first 
and second experiments, where clear, round, strong coronas were ob- 
served; the third observation, however, leaves the question in doubt. 
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Similarly conflicting results were obtained with the screen (fig. 9), 
the radiation being weaker in view of the greater distance of the bulb 
from the fog chamber and the more efficient screening. With the 
lead plates removed, the usual phenomena (oval coronas) appear ; but 
throughout, the contrast is not sharp enough for definite decision. 

Long lead screens placed horizontally within the fog chamber oppo- 
site the slit in the external screen, as at A in figure 11, did not stop 
the radiation. Elliptic coronas were observed around the trace of 
the screen as a minor axis, precisely as if the internal screen were 
absent. Hence either diffusion or secondary radiation must be very 
active throughout the exposure. 

In experiments 7 to 21 the lead screen, figure 10, was a broad flange 
on a lead tube, 2.5 cm. in diameter and 4 cm. or 8 cm. long. The 
X-radiation was usually directed axially, sometimes obliquely, against 
the walls. With the tube 8 cm. long measurable coronas were not 
obtained, no matter whether the rays passed axially through the fog 
chamber or not. In the absence of the lead screen, or when the lead 
screen was replaced by a thin continuous aluminum screen, the nuclei 
often filled the chamber on the A and the B sides and the coronas 
were large. This would again be accepted as evidence favoring the 
view that the nuclei come out of the walls ; but when the radiation is 
directed against these walls through the tube there is no appreciable 
increment. Thus the experiments remain inconclusive. 

The work was now continued by cutting down the tube to 4 cm. in 
length. The strong coronas obtained were clear and round, with very 
little fog. At times they seemed to be largest in the middle of the 
apparatus. Slight oval distortion appeared on the A side near the 
bulb only. The general absence of distortion when the impact of 
X-rays is cut off from the top and the bottom again is favorable to 
an origin of nuclei in those parts. Failure of the experiments 18 to 21 
is attributable to the spark gap of the coil ; but here coronas were 
often seen throughout the length of the fog chamber, very gradually 
decreasing in size from A to B. When the eye was moved rapidly in 
this direction, the coronas were found to lie within a triangle, sym- 
metrical with respect to the axis of the fog chamber, and the diameter 
of the coronas vanishes at the apex of the triangle, near the middle 
of the chamber, as suggested in figure i . 

14. Continued, witb change of apparatus.— In these experiments a 
more powerful coil was used, actuated by six storage cells and a 
Poucault interrupter. The object first aimed at was a contrast of the 
rays entering the fog chamber axially with the oblique rays which 
strike the walls. Accordingly, in experiments 22 to 24 the entrance 
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of radiation into the axial part of the end of the fog chamber is cut 
off by a lead disk, D^ figure Z2, about 2.5 cm. in diameter. In com- 
parison with experiment 27, where the screen was removed, the coronal 
effect for the disk is somewhat weaker, but throughout of the same 
nature, with campanulate or spindle-shaped coronas filling more than 
half of the length. Much rain and fog were present, and crimson- 
colored streamers stretched horizontally and symmetrically , bow-shaped 
(convexity outward), from end to end. The first coronas (^i) are not 
measurable, but, after the first fog particles have fallen out, the 
second (s^ are quite so, being round and clear. 
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Figs. 11-12. — Fog chambers with screens and X-ray bulb. 

The disk was now removed and a lead screen, 5, figure 1 1 , with a hole 
about 2.5 cm. in diameter, placed over the end of the fog chamber, with 
the X-ray bulb placed as before. To make the wood more transparent 
a waxed cork was inserted, giving free entrance to the axial rays. All 
screens were earthed as usual. Bxperiments 25 and 26 show the 
results. The contrast with the preceding is marked. The coronas 
are round, and in the first exhaustion show apertures (^O decidedly 
smaller than the coronas obtained in the second exhaustions of the 
preceding cases. True, the amount of radiation entering the fog 
chamber is much larger for the case of the disk than for the case of the 
perforated screen; but it nevertheless follows that the axial rays, even 
if entering under favorable conditions, can not be specially efficient. 
Rays which have penetrated the fog chamber obliquely and impinge 
on the top and bottom are responsible for nearly the whole of the 
dense fog usually observed. 

In further experiments, work with the flanged lead tube (2.5 cm. in 
diameter, 4 cm. long, figure 10, center of bulb 5 to 6 cm. from the end 
of the fog chamber and about 8 cm. from the inner face) was resumed 
and successively placed in positions, a (axial), / (radiation grazing the 
top surface), h (radiation grazing the surface of water below, as seen 
in figure 11), the screen being moved with the bulb. The experiments 
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23, 30, 33, and 34 are deficient from the gradual loss of strength of the 
X-ray balb; but the data for s in the axial case are nevertheless larger 
than for the cases where the rays grazed the top or the bottom of the 
fog chamber. In the latter, the corona is particularly small and open 
on top, showing the absence of nuclei in the upper strata of the air of 
the fog chamber. Thus the endeavor to directly call out the nuclei 
from the top or the bottom of the fog chamber has again failed. 

6 



e 



I 



J 



Fig. 13. — Fog chamber with axial and oblique radiation. 

A final test on the effect of the walls was made in a somewhat dif- 
ferent manner by placing the bulb at a distance of 80 cm. from the 
chamber C, figure 13, at first axially, as shown at a, and then in the 
raised position, d. In the first instance the ra3rs pass through the 
least surface of wood and the incidence within is grazing; in the second 
(nonaxial), the rays pass through a much larger surface of wood and 
the incidence is at a large angle. Table 9 shows the results in the two 
cases to be identical, barring increased distance and the tendency of 
the bulb to lose efficiency in the lapse of time. In the present case, 
however, the nuclei are of the fleeting kind discussed in the chapters 
below, and comparison with the above persistent nuclei is not at once 
permissible. 

Table 9.— Comparison of axial end oblique rays 5/ = 23. 3 cm. 



Position of bulb. 


s. 


Remarks. 


jixial 


3.6 
3.6 
3.5 

*5.3 
4.6 
t4.o 
t4.o 
t3.8 
t3.8 
3.9 




Raised 


Distance, 80 cm. from bulb to chamber (inside) axially. 


Raised 


Raised position 35 cm. above axis. Rays off, s = o,o 


Xxial 


(fig. 13). Observations made during exposure to X-rays. 


Raised 


-^ 


Axial 


Distance, 40 cm. 


Axial 


> 


Raised 35 cm 

Raised 55 cm 

Raised 55 cm 

Axial 


• Distance, 1 80 cm. 5/ = 24.8 cm. Exposure, 3 min. 







* Periodicity. Difference due to X-ray bulb. 



fAir 5 = 1.5. 



t St = 1.0, 
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15. Conclusion. — Generally, when the btilb is close to the end 
of the chamber, the coronas obtained after a short exposure are all 
ronndish, bat taper from a large size near the bulb to the vanishing 
diameter or apex, figure i, near the middle of the fog chamber, with 
all intermediate gradations of aperture in corresponding intermediate 
positions. The pressure difference, S^, applied is thus more and more 
in excess of the fog limit as the line of sight is nearer the bulb. 
Beyond the apex the pressure difference used is below the fog limit. 
Smaller nuclei occur throughout the chamber, but they are probably 
more and more fleeting in character. The colloidal nuclei of dust-free 
air are always present. The number of nuclei within the given range 
of condensation, i, e. , above a certain lower limit of diameter, increases 
with the intensity of the ionization, axially as well as transversely. 
If the exposure is prolonged and the radiation sufficiently intense, 
the nuclei are everywhere within the given pressure difference, but 
the axial excess of efficient nuclei is retained. Beyond this, the 
endeavor to come to a decision as to the origin of the persistent nuclei 
on the basis of the above experiments seems as yet premature; for in 
addition to the hypothesis which refers them to the impact of X-ra3rs 
on the walls of the vessel, the diffusion hypothesis, the effect of sec- 
ondary radiation within the vessel (such radiation outside of the vessel 
produces fleeting nuclei only as will be detailed in Chapter III), etc., 
there is something to be said in favor of the spontaneous production 
of water nuclei in the presence of the intense X-radiation arriving at 
any point from both primary and secondary sources. 



CHAPTER II. 

NUMBERS AND GRADATIONS OF SIZE OF NUCLEI IN 
DUST-FREE AIR. 

EXPERIMENTS WITH DUST-FREE AIR NOT ADDITIONALLY ENERGIZED. 

AltemaHons of large and small coronas observed in case of identical 
condensations produced in dust-free air saturated with moisture, 

16. Apparatus. — By dnst-free air I mean air which has been passed 
through a packed-cotton filter. My filters are i6 inches long, conical, 
tapering from about 2 inches in diameter at the large end to about 
% inch at the other. They contain absorbent cotton rammed in from 
both ends and kept in place by wire. When filtered air is required, 
the stopcock is only just opened so that influx of dust-free air may 
be extremely slow.* This insures proper filtration and does not 
interfere with the saturation of the air in the fog chamber. In this 
section condensation was produced in a long glass cylinder, 16 inches 
from end to end and 5>^ inches in diameter, placed horizontally and 
normal to the line of sight. It contained a rectangular framework 
of copper wire covered with wet cotton cloth, except on the two 
opposed broadsides through which the coronas were observed. The 
distance between the bottom (water) and the roof of the rectangular 
framework was about 9 cm. The provisions for keeping the air 
saturated are thus ample. 

The vacuum chamber was a large boiler of galvanized iron, 
having a capacity, V, of over 100,000 cc, while the capacity, v, of 
the condensation chamber is about 6,700 cc, so that the volume 
ratio, v\V^ is but 0.063. The two chambers are connected by 
about a foot of rubber tubing over i inch in bore, usually containing 
a I -inch plug gascock. An instantaneous clapper valve of the same 
dimensions and opened with a hammer was often used for comparison. 

Later the glass fog chamber was advantageously replaced by one of 
waxed wood (see fig. i, Chapter I), with the opposed sides, through 
which the coronas were observed, made of plate glass. The internal 
dimensions in this case were 55X12X20 cc, and the volume ratio, 
v\V^ in connection with the vacuum chamber, about 0.13. There 
is difficulty, however, in using a chamber of this kind for the present 
purposes, where even very small leakage is a serious discrepancy. 

* When the rate of filtration is gradually decreased until it all but vanishes, results 
of special interest are observed which will be detailed elsewhere. 

17 
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IT. ManipalatiOll— Foe Umit— The experiments were conducted as 
follows : Having selected a suitable pressure difference above that at 
which condensation in dust-free air just begins (usually termed the 
* * fog limit ' ' in the present paper), the dust-free moist air in the closed 
condensation chamber at atmospheric pressure is suddenly exhausted 
and the corona measured. After all fog has subsided the exhaustion 
cock is closed and the filtered air very slowly admitted. The opera- 
tions are then repeated, allowing time (about 2 to 3 minutes) for 
saturation. Under all circumstances the treatment for large and 
small coronas was identical. 

In the given apparatus condensation in dust-free moist air began at 
the pressure difference, 8^=22.5, corresponding to the volume expan- 
sion of about 1.43. The pressure difference usually applied in the 
experiments was 8^=31.2, and the volume expansion 1.72. 

18. Altemattons of lai^e and small coronas (periodicity of inferior 
and superior coronas). — ^The small coronas are usually sharp, but the 
large coronas appear blurred and filmy, accompanied with much rain. 
Remembering that all operations are conduct^ in a way strictly the 
same, table 10 (pp. 19-20) shows the coronas seen in the successive 
exhaustions. The angular diameter or aperture is sin ^/2 = 5/60, or 
nearly ^=5/30. The eye at the goniometer was about 40 cm. from 
the axis of the condensation chamber (placed as close as possible to 
insure clearer vision) and the source of light 250 cm. beyond it. 
Observations were made along the axis of the cylinder, placed hori- 
zontally. The number of nuclei per cubic centimeter of the exhausted 
air will be denoted by », while A^ shows the number per cubic centi- 
meter of air at normal pressure. The reduction of n to A^ where it is 
not essential will often be omitted. 

In the case of 2 -minute periods between the exhaustions the perio- 
dicity is maintained without exception (fig. 14). For brevity let the 
smaller coronas be called inferior^ the larger coronas superior. Fre- 
quently a very small inferior corona evokes a relatively large superior 
corona, or larger inferior coronas are followed by smaller superior 
coronas ; but this is not always the case. As a more general rule, if 
the aperture is intermediate between the inferior and superior coronas, 
the succeeding corona is of the same size, and oscillation terminates. 
In part III, for an accidentally more rapid influx than the exceedingly 
slow influx of filtered air in the earlier parts of table 10, this is initially 
the case, but the oscillation is soon reestablished. In part IV, the water 
was shaken so as to wet the glass sides of the chamber, but without 
effect on the oscillation (fig. 15). In part V of table 10, the original 
periodicity is again wiped out by accidental influx of much air through 
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the filter. Periodicity thereafter {aUs to reappear, as is also the case in 
parts VI and VII . Similar cases occur in parts VIII , IX , and X. The 
mean apertures at 25^, 20^, and 1 1 ^ do not differ sufficiently to indicate 
a temperature effect above the value of the incidental errors. 

Tablb 10. — Periodicity in the condensation of dost-free air. Ping valve. Pressnre 
diflference, 3/= 31.2 cm. Temperature ^ 25** C. Glass clear, no shaking of 
water needed. Two-minnte periods between exhaustions. Slow inflox. Cylin- 
drical fog chamber, volume ratio z//K — 0.063. 



Exiiaust 
No. 


s. 


ifXio-*. 


Exhaust 
No. 


5. 


JtXio-». 


Exhaust 
No. 


5. 


ifXio-*. 


Parti. 


Part II— Continued. 


Part III. 


I 


♦1.7 


2.3 


5 


2.9 


9 


tai 


3-9 


^ 


2 


5.7 


73 


6 


6.4 


97 


22 


3.8 


58 


3 


2.5 


6.1 


7 


3.0 


10 


23 


3.1 


47 


4 


6.4 


97 


8 


6.6 


106 


24 


5.8 


88 


5 


2.9 


9.6 


9 


31 


II 


25 


3.1 


47 


6 


6.6 


106 


10 


6.4 


97 


26 


5.2 


79 


7 


3.2 


12.6 


II 


3.2 


12.6 


27 


3.1 


47 


8 




.... 


12 


6.6 


106 


28 


6.3 


96 




't2.9 


9 


13 


3.2 


12.6 


29 


3.4 


52 








14 


6.3 


93 


30 


5.9 


90 








] 


Part II. 




15 
16 


31 
6.6 

3.5 


II 
106 
16.7 








I 


2.9 


9 








2 


6.2 


90 


18 


5.5 


67 








3 


3-4 


15 


19 


30 


10 








4 


5-3 


59 


20 


6.9 


122 









♦After 16* (left over night). tAfter 25". 

{Accidental rapid influx. Note the rise of inferior coronas. 

Table 10, continued. — Slow influx; water shaken: fog in glass; 20** C; 3/ — 31.2. 



Exhaust 
No. 


s. 


JtXio-». 


Exhaust 
No. 


s. 


ifXio-*. 


Exhaust 
No. 


s. 


jtXio-*. 


Part IV. 


PartV. 


Part VI 

ii«C 


, — Temperature, 

:. «/=3i.2. 


*i 


1-7 


2.3 


I 


2.3 


3.5 


ti 


4.6 


39 




5.2 


56 


2 


5.7 


73 


2 


4.6 


39 




2.8 


7-9 


^3 


30 


10 


3 


4.6 


39 




5.3 


59 


t 4 


4.1 


26 














2.4 


5.0 


J 5 


4.2 


29 


Part VI] 


[.—Temperature, 




5.9 


82 


6 


5.3 


59 


ii«C 


. «/— 29.8. 




3.0 


10 


7 


5-2 


56 








5-7 


73 


























2.9 


9.0 








t I 


3-9 


23 




5-5 


67 








2 


4-7 


42 




2.8 


7.9 








3 


4.6 


39 




5.6 


70 








u 


4.7 


42 




2.8 


7.9 
















5.4 


64 
















2.8 


7.9 















*' Left after J5^. t Periodicity absent in the first case after accidental influx. 
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Table lo, continued. — 24-25** C. Cylinder. 5/ — 31.2. Promiscuous results. 



Exhaust 
No. 


s. 


«Xio-». 


Exhaust 
No. 


5. 


«Xio-». 


Exhaust 
No. 


- 
s. 


«Xio-». 


Part VIII. 


Part IX. 


PartX. 


I 
2 
3 
4 

5 


♦3.0 
4-9 
4-5 
4.7 
4.7 


10 
49 
36 
43 
43 


I 
2 
3 
4 
5 
6 

7 


t3.3 
5-3 
3.0 

5-7 
2.7 

5.7 
2.7 


14 
59 
10 

73 

7-9 
73 

7.9 


I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 


t3.5 
5.2 

2.5 

6.1 

♦♦2.8 

5.4 
4.2 
5-2 
4.8 
4.9 

4-9 

4.8 


17 
56 

6.1 
85 

7-9 
64 
29 
56 
46 
49 
49 
46 



♦ After 24 hours. f After 15 hours. 

** Apparatus (water) shaken, thereafter glass dull. 



t After 2 hours. 



In table 11, for 3-miiiate periods between the exhaustions as a safe- 
guard against partial saturation, the same oscillations reappear (fig. 
17). Very small inferior coronas are again followed by the larger 
superior coronas. On the other hand, the larger superior coronas usu- 
ally precede larger inferior coronas, as above. The case of 5-minute 
periods between the exhaustions (fig. 18) begins with marked perio- 
dicity, after which, however, cotemporaneously with the deposition of 
fog on the glass between observations, periodicity vanishes. 



Table ii. — Periodicity in the condensation of dust-free air. 

Temperature — 25® C. 



Plug valve. 3/ — 31.2. 



Exhaust 
No. 


s. 


ifXio-*. 


Exhaust 
No. 


5. 


ifXio-*. 


Exhaust 
No. 


s. 


ifXio-». 


Three-minute periods between exhaustions. 


Five-minute periods (and 
longer) between exhaus- 
tions. 


I 
2 
3 
4 
5 
6 


2.9 
5-7 
30 

5-9 
2.8 
6.4 


9 

73 
10 
82 

7-9 
126 


7 
8 

9 
10 
II 


3.1 
5.8 
3-2 
6.2 
3.2 


II 

76 

12.6 

90 

12.6 


I 
2 
3 
4 
5 
6 


59 
2.7 
5.6 

•4.4 
♦4.8 
•3.8 


82 

7.9 
90 
46 
59 
61 



* Glass fogged during the interval. 
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Figs. 14-18. — Graphs showing the alternations of the apertures {s) of coronas in non- 
energized dost-free air. The abscissas show the numbers of the successive 
exhaustions; the ordinates are nearly as the cube roots of the number of effi- 
cient nuclei. 

Fig. 19. — ^Decay of the nuclei examined in the lapse of hours. 

Tftble I, referred to in figs. 14, 15 and 16, will be found as table 10, p. 19. 
Table 2, referred to in figa. 17 and 18, will be found as table ix, p. ao. 
Table 3, referred to in fig. 19, will be found as table 12, p. 22. 

19. Effect of lapse of time on the nucleatioii of dust-free air impris- 
oned in the tog chamber. — ^The 5-tninate periods in the preceding table, 
or figure 18, do not markedly diminish the aperture of the coronas. 
Larger periods of waiting are very eflFective, as is seen in table 12, 
where vj V shows the volume ratio of fog and vacuum chambers. The 
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measurements refer to an initial large corona of say 5=5 cm.; bat as 
this can not be measured without destroying the nuclei, the present 
data merely show the usual occurrence of inferior coronas in the lapse 
of time (fig. 19). In 15 hours the aperture is reduced to one-third and 
the nucleation possibly to one-thirtieth. Certain relatively high 
results at the end of the table seem to be referable to the presence of 
radium in the laboratory, but no definite statement can be made. 





Tablb 12 


— Evanescence of nucleation of dust-free 


air in 


lapse of time. 


Glass fog chamber. *r/K— 0.063. 


Wooden fog chamber. 
♦t,/F— 0.13. 


«A 


Temp. 


Time 


s. 


«Xio-» 


Temp. 


Time 


5. 


ifXio-» 


9p. 


Time 


s. 


«Xio-« 


31.2 


V. 


h, m. 






°C. 


h. m. 






V. 


h. m. 








II 





(4.6) 


(70) 


20 





(5.5) 


(67) 


t33.o 













20 


2.6 


3-9 




I 


2.4 


5.0 




24 


3.0 


10.3 




20 





(5.2) 


(56) 


23 





(5.5) 


(67) 







3-4 


15.6 






15 


'•7. 


2.3 




3 


2.3 


41 







3-3 


14-5 




20 



2 


(5.2) 
1.8 


(56) 
2.4 


25 



16 


(5.5) 
1.7 


(67) 
2.3 












20 



50 


(5.5) 
2.5 


(67) 
6.1 




24 
15 


3.0 
3.3 


10 











* Volume ratio of fog and vacuum chambers, f Vacuum chamber disconnected. 

The marked occurrence of inferior coronas in the lapse of time 
(under conditions, therefore, where the air must be saturated with 
moisture) seems to be positive proof against the view that these coro- 
nas owe their origin to undersaturation. The corona immediately 
following (second exhaustion) is always a superior corona. One may 
note that if extremely fine nuclei (colloidal molecules) pass the filter, 
a time loss like the present would accompany their decay. 

20. Effect Of pressure difference on exhaostioiL— The reason for irreg- 
ular results in tables 13, 14, and 15 is now apparent, for in these experi- 
ments the tendency to periodicity was not yet understood. Nor can it 
in any case be effectually combatted. After the fog chamber has been 
cleared of foreign nuclei, which occurs at a pressure difference above 
20 cm. of mercury and at about the same volume expansion in both 
chambers, the effect of further increasing the pressure difference, S/, is 
an exceedingly rapid increase of the apertures of coronas. The first 
coronas after the air is made dust-free are usually particularly large. 
Though this looks like a foreign effect, it is probably due to periodicity. 
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Very soon, however, the effect of hp ceases to increase the apertures. 
All the ^-curves either pass through a maximum or reach a limiting 
asymptote, as is particularly marked in case of table 15 (figs. 20 and 
21). The fog limit lies a little lower in case of the large chamber (wood, 
viy=o,i$) than in the case of the small chamber (glass, i// 1^=0.063), 
an anomalous result, since the latter condensation must be the swifter. 
There does not seem to be any adequate effect for the relative sudden- 
ness of condensation in the two cases. The last parts of table 13 con- 
tain examples in which, with the same apparatus and apparently 
tmder identical conditions (dew on one side of the glass), a steady and 
thereafter an oscillating aperture is encountered. The last series gives 
an instance of oscillations which vanish when the water in the fog 
chamber is shaken from side to side. 

Table 13. — Effect of pressure diflference. Long condensation chamber, r ^ 55 X 12 
X 20 s= 13,200 cm.', for fog chamber; F^ 106.000 cm.', for vacuum chamber 

v/y^ — ^ ^0.125. Instantaneous valve. Goniometer 85 chl from fog chamber. 

106,000 



«/. 


s. 


iVXio-*. 


«/. 


s. 


iVXio-». 


Outgoing. 


Returning. 


19.6 
24.2 
24.2 
28.3 
32.7 
37.4 


0.0 
1.8 
1.8 
3.0 
3.0 
3.1 


0.0 

3.7 

3.7 

21.5 

25.9 

33.7 


330 
29.2 
25.8 
22.7 
20.0 


2.0 

2.9 

1.5 

.9 

.0 


5.9 
19.8 

3.1 

1.9 

.0 



Tablb 14. — Cylindrical condensation chamber. v/V^o.od. Instantaneous valve. 
Goniometer 85 cm. from fog chamber. 



«/. 


s. 


Nxto-K 


«/. 


s. 


iVXio-». 


Outgoing. 


Outgoing. 


18.8 
20.4 
20.7 
25.6 


0.0 

0.0 

0.0 

♦4.1 






84 


35.1 
42.6 
52.2 


2.5 
2.6 

3.5 


16 

24 
102 



* Initial excess. 
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Tawle f5.-K!ydicTariadonof pimnLi e digeica ce. O liadrici l cn a rlrtw tion €4tt i inlwT . 
V K— 0x6. Pln^ t21t^ t i-iadi boreV Gooioaeter S5 ca. Iron fog diuiiber. 



»/ 


*. 


A-yio-*. 


»/ 


s. 


\^io-*. 




Outgoing. 






Retnxning. 




15-i 


0.0 





4S.9 


4-1 


136 


18.5 


0.0 





46^3 


5.6 


77 


20.9 


l?> 





43-3 


3-7 


7a 


20.1 


OlJ 





40.8 


*-9 


3* 


S>.2 


<?l 





3M 


4-5 


no 1 


26.2 


Vo 


46 


35^7 


3-1 


3» 


26.2 


2.4 


9-6 


33-5 


5.0 


126 i 


26.2 


2.5 


II 


3cx8 


3-» : 


«9 


36.6 


3-2 


36 


2S.9 


3-4 


33 


36.6 


3.2 


36 


27.0 


1-9 


4-9 


43-7 


4-2 


"3 


24-7 


1.8 


3-7 


• 43-7 


4-3 


123 


23-1 


1-3 • 


*-3 


51-4 


3.7 


112 


21.8 


? 0.0 ; 











20.6 


0.0 











'9-5 


0.0 




1 






'Initial 


excess. 







Table 16. — Effect of pressure difference. Cjlindrical condensation chamber. In- 
stantaneous valve. Eye at goniometer, 85 cm. from fog chamber. A' redoced to 
normal atmospheric pressnre. 



9p. 


s. 


A'Xio-'. 


a/. 


s. 


.\^io-*. 


20.1 


0.0 





34-7 


5.0 


132 


20.5 


0.0 





34.9 


2.7 


20 


20.7 


0.0 





34.8 


51 


140 


23-3 


3.0 


18 


34.8 


2.6 


18 








34.8 


51 


140 


26.1 


2.2 


7 


34.8 


2.7 


20 


26.3 


4.0 


46 


43.6 


*5.4 


237 


26.2 


2.6 


12 


43.5 


5.1 


202 


26.2 


4.1 


50 


43.5 


5.8 


279 


26.2 


2.2 


7 


43-5 


3.0 


41 


26.2 


4-3 


58 








26.2 


2.6 


12 









* Valve injured. 

In table i6 the occurrence of marked periodicity gives rise to two 
distinct /-curves, both of which soon approach an asymptote (figs. 22, 
23). In the last group of observations the alternations are not regu- 
lar (leakage of valve), but the extremes are indicated. Differing from 
this, the results of table 17 in the outgoing series of apertures (S^, 
increasing) are remarkably free from periodicity and show a tendency 
to pass through a maximtim. In the return series much fresh air was 
drawn through the filter into the fog chamber and thence into the 
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vacuum chamber. It is noteworthy that very large coronas are then 
met with on first exhaustion, a result which may bear on the expla- 
nation of periodicity. 

In table 17 (figs. 24, 25) the goniometer was moved close to the 
fog chamber to insure clearer vision. The chart (figs. 20-25) on 
page 26 shows, n, the number of nuclei per cubic centimeter of the 
expanded air ; in the tables the number, A^, reduced to air at normal 
pressure and temperature is usually given. 



Table 17. — Cyclic variation of pressure difference. Cylindrical fog chamber, 
valve. Eye at goniometer, 50 cm. from axis of cylinder. 



Ping 



«/. 


5. 


A'Xio-'. 


«/. 


s. 


AXio-». 


Outgoing. 


Returning. 


19.5 


0.0 





43.8 


5.3 


171 


26.2 


5.8 


105 








26.5 


5.8 


106 


35.3 


♦7.1 


267 


26.2 


5.5 


94 


35-3 


5.2 


"3 


26.2 


5.8 


105 


35-3 


6.4 


194 


35.4 


6.6 


211 


26.5 


*5.5 


94 


35-0 


6.6 


209 


26.3 


4-7 


59 








26.3 


4-9 


67 


44.2 


5.6 


207 








43.8 


5.6 


203 


24.0 


3.6 


24 


43.8 


5.6 


203 


22.8 


1-5 


2.5 








22.2 


0.0 





52-3 


5.6 


297 


20.5 


0.0 





52.4 


5.0 


215 


18.0 


0.0 





52.4 


4.9 


209 









* Nuclei probably enter from large influx of air through filter. Therefore next 
coronas are small from undersaturation and periodicity. These fine nuclei get 
gradually out of reach as 3/ decreases. 

21. Remarks on tbe tables.— It will conduce to clearness to take 
the last tables showing the increase of apertures, 5, with the increase 
of presure difference, ip, first in order. All the 5-ctirves, figures 20-25, 
either pass through a maximum or reach an asymptote. If the 
exhaustion is insufficient the groups of smaller nuclei will escape 
precipitation and the coronas be relatively small. This will also 
occur if relatively large nuclei are accidentally present. After all 
nuclei, large and small, are caught, higher sudden exhaustion can no 
longer increase the apertures. More water is instantaneously precipi- 
tated per cubic centimeter. Nevertheless this counter-effect, if it is 
such, will also vanish with increasing pressure differences, because of 
the accentuated rapidity of thermal radiation. The adiabatic method 
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ceases to be effective. Finally the necessity of producing sudden 
cooling simultaneously with extreme dilatation is a complication; for 
in view of the relative slowness of diffiision, it will eventually be im- 
possible to keep the instantaneously dilated water vapor saturated 
without arresting the growth of the fog particles. Above ip = 40 cm. 
the effect of sudden exhaustion might actually dry the air, seeing that 
the density of vapor is instantly reduced more than one-half. It is 
thus conceivable that even slight differences of supersaturation at the 
outset may show themselves effectively at these high exhaustions. In 
table 16, however, the nucleation N (reduced to normal pressure) 
increases almost linearly with the pressure difference even at the high- 
est exhaustions- The evaporation of the smaller fog particles is 
probably an essential part of the whole phenomenon. 




Figs. 20-25.— Change of apertures (s) of coronas and number of efiBcient nuclei («) 
var3ring with different pressure differences (Bf) for the cases of superior 
and inferior coronas. Dust-free air. 

Table 6, referred to in fig. ao, wiU be found u Uble 15, p. 24. 

Table 7, referred to in fig. aa, will be found as Uble 16, p. 34. 

Table 8, referred to in fig. 24, will be found as table 17, p. 25. 



NUCXEATION UNDER VARYING CONDITIONS. 2^ 

22. Blurred coronas. — ^The occnrrence of an abtmdaiice of rain with 
all the coronas, as well as the blurred appearance of the coronas them- 
selves, shows that gradation of particles is a characteristic featnre with 
all these condensations. The following results for periodicity appar- 
ently indicate the presence of a gronp of markedly large particles in 
the amount of about one-eighth or more of the total number of nuclei. 

21. Time effect. — In the lapse of time exceeding even half an hour 
the aperture of all coronas usually diminishes in marked degree. Above 
the fog limit, however, the coronas do not vanish as the result of 
repeated exhaustion, i. e., the air can not be freed from nuclei by 
being stored in a closed vessel (fig. 19). What is particularly remark- 
able is the rapidity with which nuclei precipitated by condensation 
are again replaced. Whether these come through the filter in quasi- 
gaseous form (remembering that they must be much smaller than ions), 
or whether they are spontaneously produced in the imprisoned air, is 
yet to be decided. In every case something has to be explained away. 
If the nuclei came through the filter, for instance, they would not 
come through periodically. 

24. Oscillations at variable pressure differences.— With increasing 
pressure differences, 8^, the superior and the inferior apertures each 
lie on distinct curves, both of which rise rapidly at first, are then 
rapidly retarded, and tend to reach distinct maxima (figs. 20-25). 
The limiting ratio of apertures is liable to be nearly one-half. If, 
however, the pressure difference is carried far enough, both j-curves 
sometimes change character by decreasing and increasing, respectively, 
eventually to reach a common value. If, then, pressure difference 
is in turn reduced from these final values, the oscillation of 5 is usually 
absent and a mean nucleation appears at all subsequent (decreasing) 
pressure differences. 

25. Nncleatlons at varying pressure differences.— The increase of 
nucleation, «, with the pressure difference, 8^, is diflScult to interpret, 
since the inferior and superior values are so much more widely and 
•irregularly distributed (figs. 21, 23, 25). The ^-curves usually show 
two limiting rates of increase of n with 8^, respectively very large and 
very small. This is particularly well brought out in the data of table 
16 and figure 23, where both loci are nearly straight even above 
8^=40 cm. They Become more so if the nucleation is reduced to 
normal pressure, as shown under A^. Using this suggestion the data 
of table 13 (wooden fog chamber) are largely referable to inferior 
coronas. With one exception, this is also the case in table 14 for the 
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glass cylinder, while in table 15 there is an irregular distribntion of 
observations between both classes of curves. In table 17 inferior 
coronas are absent, and those observed present an accentuated case of 
superior corona. The series fails to detect the large coronas after 
8^=35 cm., so well brought out in table 16. One may note the differ- 
ent valves used. 

26. Fog limits. — An interesting feature of these results are the fog 
limits or pressure differences at which condensation in dust-free air 
just commences. In spite of the different sizes of apparatus and 
valves used, the fog limits are about the same, viz, in tables 13, 14, 
15, 16, and 17. 



Table. 


a^ 


Apparatus. 


Valve. 


13 

16 
17 


22-23 cm. 

21.5 

22-23 

21-23 

22-23 


Wood. r/K=.i3 
Glass. r/K=.o6 


Plug. 

Clapper. 

Plug. 

Clapper. 

Plug. 



These results are surprising, inasmuch as the effect of the volume 
ratio of fog and vacuum chambers and the valve effect would naturally 
be looked to as productive of larger differences. With other appara- 
tus (Chapter I) the data were : 



a/^ 


Apparatus. 


Valve. 


22 
20 


Wood, z//F= .7 
.7 


Plug. 
Clapper. 



Thus the supreme importance of mere rate of exhaustion may well 
be called in question until more definite results appear ; for with so 
large a difference of volume ratio, valve obstruction, etc., the essential 
features should appear more clearly. It is possible that nuclei of 
extreme fineness (colloidal molecules) may pass through the filter. In 
such a case these would capture most of the water vapor, reducing the 
size of coronas by prohibiting condensation on still smaller colloidal 
molecules. Therefore, if the filter is entirely dispensed with and a 
closed vessel used, larger coronas may appear at smaller pressure 
differences. 
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2t. Osdllatloiis at fixed pressure differences.— Effectively the case 
of oscillation is one in which the large, sparsely distribnted fog par- 
ticles emit more nnclei and the very abundant small fog particles 
fewer nnclei, /. ^., the phenomena may be looked upon as though 
the nnclei were generated during the growth of the fog particles. 
This plausible result, however, is not to be maintained ; for the emis- 
sion would have to be as the growth of surface — in other words, as the 
volume — and the number of particles varies inversely as their volume, 
A counter supposition may be hazarded to the effect that the fog par- 
ticles of large coronas absorb more nuclei because of their abundance 
than the fog particles of small coronas. But the period of suspension 
of particles is too short a period to be of moment. 

If negative ions are more active as condensation nuclei than posi- 
tive ions, the results observed may be tentatively grouped in accord- 
ance with the following scheme : 

I 23 4 

(+)< >(-) (+)< >(-) 

(-) (+) (-) (+) 



V V V V 

Let the ions be originally neutral as a whole, and suppose, as in 
case I , that the negative ions are first precipitated. In the interval 
between this and the next exhaustion fresh ions are generated or taken 
in through the filter, as shown in case 2. If these negative ions 
partially neutralize the positive ions left over in case i , the second 
precipitation takes place on the positive ions. Thereafter, case 3, the 
first is repeated, etc. But if the coronas are taken as a measure of the 
number of particles, the number of effective nuclei must be eight times 
larger in the first case than in the second, whereas the ions should be 
present in equal numbers. Hence there is serious objection to this 
hypothesis at the outset, quite apart from the absolute numbers in 
question, which are enormously too large to be referred to ions. 

28. UndersatnradoiL — Some mechanism of this kind is nevertheless 
probable, and it will suffice if the undersaturation produced by the 
precipitation of fog particles is not rapidly made up by diffusion and 
convection, or, even better, if water nuclei are produced by evaporation 
of fog particles. Of the above hypotheses that of undersaturation has 
broad bearings and accounts qualitatively for most of the phenomena, 
as will presently be pointed out in detail. True, the large coronas 
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must be supposed to carry down more moisture than the small coronas, 
but the difference need not be great. The h3rpothesis encounters a 
serious obstacle, inasmuch as the coronas obtained from saturated air 
which has been imprisoned for long intervals of time (section 8) are 
usually an extremely small type of inferior corona, whereas they should 
be large superior coronas. Long intervals of waiting between ezhaiis- 
tions bring out not a superior corona but at best one of intermediate 
size. Another precarious feature is suggested by computating the 
rate at which saturation should be established in the most unfavorable 
case of the middle air layer, between the wet top and bottom of the 
fog chamber, for diffusion alone. 

In fact, if diffusion takes place from the wet top and bottom of the 
rectangular trough of height a into a partially saturated atmosphere 
of initial vapor pressure /o> ^^^ ^^ ^^7 ^^^^ ^> ^^ ^^ middle plate 
x=al2 

/=i+3LO — f /sm — c ^ ^ ^ H — sm-^c ^^ ' ^ + etc.) 

«• \ 2 32 / 

where dpidt = k {tPpjdx^) . Hence if a = 1 1 cm ., as in the largest trough 
(wood), and if ^=0.23, the following values obtain : 



/= 30 


A = o./ = .28 


A = 1/3./ = -52 


A = 2/3./= -76 


60 


•59 


.72 


.86 


120 


.87 


.91 


.96 


180 


.96 


.97 


•99 



In the above tables a was usually less than 10 cm. (glass fog cham- 
ber), making the condition correspondingly fiavorable. 

Hence by diffusion alone there should be saturation after 2 to 3 
minutes even at the most distant (middle, x-al2) plane, to within a 
few per cent, for the central layer is probably always more than half 
saturated at the outset. In addition to diffusion, however, there is 
marked convection due to the lightness of water vapor. At the same 
time there is no evidence that the more numerous but small drops of 
the superior coronas carry down a sufficient excess of water ; nor are 
the coronas, though blurred, otherwise distorted, as they would be 
for a definite diffusion gradient. 

29. Undersaturatioii, continued.— Assuming, however, that under- 
saturation* does occur and is oscillatory as the result of successive 

* It will be shown below, Chapter VI, sections 97, 98, that the probable cause of 
periodicity is not ondersaturation but the production of water nuclei by the evapora- 
tion of the small fog particles. The analjrsis of the phenomena given in section 14 
applies, however, with obvious changes, to both cases, and has therefore been 
retained in the text. 
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larger and smaller precipitations, the cases may be interpreted in snc- 
cession as follows : 

a. The superior coronas carry down more moistnre and should be 
followed by even larger coronas, and vice versa ; bnt after the fog par- 
ticles producing the superior coronas are precipitated, the supersat- 
uration possible for the given pressure applied no longer catches 
the small nuclei. Hence the inferior coronas appear in succession. 
Hence, also, apart from what may be time errors in opening the stop- 
cock, very large pressure differences tend to vdpe out the oscillation, 
as all nuclei are caught. 

b. The ratio of i : 2 for coronal apertures and of i : 8 for the volumes 
of fog particles seems out of keeping with the slight differences of 
supersaturation instanced in section 28; but this is again a question of 
catching the group of smaller nuclei. 

c^ The phenomenon is much too definite an oscillation of aperture 
between s and 2s (nearly) to be referable to an irregular cause like 
deficient supersaturation ; but the two types of nuclei admit of a wide 
range of saturation, as long as there is a correspondingly wide dif- 
ference in the sizes of nuclei. 

d. A series of minor observation are favorable to the h3rpothesis of 
residual undersaturation ; as, for instance, the eventual coalescence of 
the aperture curves of the superior and the inferior coronas ; the dew 
effect ; the fog effect and shaking ; the fact that very small inferior 
coronas are followed {cat. par.) by large superior coronas, while the 
latter are followed by large inferior coronas, etc. 

e. Finally, while superior coronas are followed by inferior coronas, 
and vice versa, mean coronas follow each other. 

30. NucleatloiL — ^The values of the nucleation (number of nuclei 
per cubic centimeter) of the inferior and the superior coronas naturally 
present a more striking contrast, since the third power of aperture is 
involved. Otherwise but few new results are to be inferred from them. 
If the long series of table 10, part II, be taken, which contains the 
data of twenty successive alternations, the average inferior nucleations 
are 11,800, and the average superior nucleations 94,000, supposing, of 
course, that the precipitated water is the same in both cases and that 
it is all condensed on the available nuclei. In other words, if the two 
cases are identical, the superior coronas correspond to a number of 
nuclei 8 times greater (frequently larger than this in the other obser- 
vations) than the inferior coronas. As this explanation is the more 
probable, it follows that the nuclei can not be regarded as positive and 
negative ions. They are rather the groups of large and small nuclei 
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seen throughout the condensations in connection with the rain and 
blurred coronas. Apart from this, the numbers obtained throughout 
are quite out of keeping with any similarly observed ionizations. If, 
however, free electrons appear only at the destruction or at the origin 
of nuclei, the association of few ions with many nuclei at any time 
subsequent to their origin is well accounted for, as already suggested 
in the earlier paper. It is only while the nuclei are being produced 
t that the ionization and the nucleation must be of the same order ; for 

the latter persists while the former vanishes at once. Finally the fol- 
lowing results are implied, at least for the physical structure of air 
saturated with water vapor : 

Air (dust-free) is inseparably intermixed with large and small nuclei, 
whose number (to be reckoned in millions per cubic centimeter) rap- 
idly increases as the order of molecular size is approached. There 
seems to be no objection to looking upon these nuclei as a kind of 
colloidal (air) molecule, particularly as such molecules are frequently 
producible by the means (Bredig) which produce nuclei. If a large 
number of free atoms is suddenly introduced into any region (and this 
is probably what the radiation of the above kind virtually does) the 
result is not merely a production of typical molecules but of a large 
concomitant of graded nuclei. 

Practically any given nuclear status of air is a counterpart of the 
intensity of the ionization of the medium in which the nucleation 
originated, to the eflfect that the superior limit of size of the nuclei 
and their number increase with the ionization. But there is no case 
of ionization free from nucleation, be the exciting cause a mere radi- 
ation as above, or ignition, combustion (including the low-tempera- 
ture cases like phosphorus), or high potential discharge, or violent 
comminution as in the case of water nuclei. 

EXPERIMENTS WITH DUST-FREE AIR ENERGIZED BY RADIUM. 

31. Effect Of radium in hermetically sealed glass tubes.— A modi- 
fication was now introduced by inserting a small vial of thin glass 
(walls 0.04 cm.) containing about o.oi gram of impure radium 
(strength io,oooX) in the B end of the rectangular apparatus, Chap- 
ter I, figure I. For clearer vision, the eye at the goniometer was 
placed at about 35 cm. from the nearer glass plate of the fog chamber, 
and the apertures so obtained, larger than the customary values by 
about 10 per cent, appropriately corrected. The data of most of the 
tables are reproduced in the chart containing figures 26-32. 

The filtered air was first examined without interference, as in table 
18, in the complete absence of radium, and a similar test precedes all 
the subsequent observations. The results for air are without perio- 



AIR ENERGIZED BY RADIUM. 



33 



dicity here (figs. 27, 28), and show a high fog limit at about 8/ = 24 cm. , 
the coronas at 8^ = 24.7 being just appreciable. The reason for the 
raised fog limit (air freer from dust) is not apparent ; but the volume 
ratio of fog and vacuum chambers is here 8^ = 0.13. 

The immediate effect of introducing radium is seen in the second 
part of the table, at first without periodicity, and the fog limit is at 
once reduced to hp = 19 cm. (figs. 27, 28). 

Tablb 18. — ££fect of radium immediately after insertion. Long condensation cham- 
ber. V ^11,000 cm.'; v/F^ 0.13. Temperature, 26° C. Plug valve. Goniometer 
close to apparatus. 



Filtered air without radium. 


Radium tube inserted. 


«/. 


5. 


;\0<io-» 


«/. 


s. 


AO<io-* 


«/. 


s. 


j\rxio-* 


20.6 


0.0 





29.5 


4.8 


75 


•24.8 


6.0 


74 


21.5 


0.0 





26.9 


3.9 


33 


24.8 


3.1 


9.6 


23.4 


0.0 





24-4 


3.6 


24 


24.8 


5-3 


70 


23.2 


0.0 





22.0 


2.5 


7 


24.8 


2.8 


6.9 


24.7 


1.5 


2.7 


ao.i 


1.3 


2 


24.8 


5.5 


58 


24.7 


1-3 


2.4 


18.0 


0.0 





24.8 


3.0 


8.7 


29.5 


3-2 


20 


18.0 


0.0 





24.8 


4.8 


51 


29.6 


3.5 

3.4 


27 
25 








24.8 
24.8 


2.3 
5-4 


3.5 


29.8 


After 75 min. 


55 


33.1 


3-5 
3.4 


32 
27 


24.8 


2.8 


6.8 


33.0 


18.0 


0.0 









After about 90 min. 








20.1 
21.6 


1-7 
3.8 


2 
25 


















23.3 


2.6 


8 


24.8 


5-4 


55 








24.8 


5.2 


73 


24.8 


2.4 


4-3 








24.8 
24.8 
24.8 


3.0 
5.3 
3.0 


13 
76 

13 










After 18 hours. 




24.8 


•<6.2 
(2.7 






After 135 min. 


tioo 
6.8 




24.8 


6.0 


III 





* Periodicity. 



tA^— 150,000; ratio 1.5= A^/ If. 



Nucleation, 75 minutes after the first observations, has much m- 
creased {oeL par.); but direct comparison is not possible, because 
the latter data are now distinctly periodic, and an upper and a lower 
curve of apertures has appeared, without appreciably displacing the 
fog limit. After further 135 minutes, the upper limit has probably 
reached a stationary value (figs. 27, 28). 

In the last part of the table the periodicity of aperture, s, for air in 
the presence of radium, is specially investigated for 8^ = 24.8 cm. 
Bxceptionally high superior values of s are again followed by excep- 
tionally high infcsrior values (fig. 26), while exceptionally low inferior 
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values are followed by high superior values. The oscillatory curves 
usually riseifrom great depth to great height. The x-curves sometimes 
show a tendency to double inflection after Sp — 24 cm. is exceeded, ref- 
erable, it would seem, to the normal air ions added to the radium ions. 







& H * 9 



Fig. 26. — Number of efficient nuclei (») obtained in successive exhaustions of dost- 

free air energized by radium. Periodicity. 
Figs. 27-30. — Change of apertures {s) of coronas and nucleations (») varying with 

the pressure differences (Bf) in cases of dust-free air energized or not by 

radium (in sealed glass). Arrows show the march of the observations. 

Periodicity is apparent. 
F108. 31-32. — ^Decay of nuclei produced by radium after removal of tube from fog 

chamber. Radium in glass tube. 

Table 9, referred to in figs. a6, 97, and a8, will be found u table x8, p. 33. 
Table xo, teferred to in figs. 39, 30, 31, and 33, will be fonnd as table 19, p. 35, 
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In table 19 the same effects are studied after the radium was in the 
apparatns for over 24 hours. The data in the outgoing series (8/ 
increasing) are distinctly periodic, until the highest value 8^= 28. i cm. 
is reached, which seems to wipe out the periodicity for the returning 
series (figs. 29, 30). Curiously enough, the fog limit has apparently 
risen, being now 8^ = 20 cm. , instead of 19, as in table 18. If all results 
be compared at about 8^=25 for mean values of j, they show for — 



Air (no exposure), 5 = 1.4 

Radium, short exposure, 3.6 

exposure, 2 hours, 4.1 

exposure. 24 hours, 4.5 

Air (20 minutes after removing radium), 1.4 



nXio-*= 1.7 
(no periods) 16 

(periods, s = 30 — 52) 23 

(periods, 27 — 62) 32 

1-7 



Long exposure to radium has increased the amplitude of the variation, 
of aperture, s. The limiting maxima for high values of 8^ in the 
case of radium are in excess of the corresponding values for air. 



Tablb 19. — E£fect of radium left in apparatus 24 hours (23° 

removed. 



C.) and thereafter 



Radium present. 


Radium removed. 


tp. 


s. 


A^Xio-*. 


Time. 


«/. 


s. 


iVXio-«. 








Mm. 








16.0 


0.0 










Removed. 


... 


18.0 


0.0 





I 


21.7 


1.9 


3 


20.1 


Just seen. 





3 


21.7 


I.I 


2 


•21.7 


4-3 


34 


5 


21.7 


0.0 





21.7 


1-7 


2 


10 


23.3 


I.O 


I 


24.8 


6.2 


116 


12 


23.3 


r^ 


r^ 


24.8 


2.7 


10 


15 


25.0 


0.0 





t28.1 


5.5 


lOI 


17 


24.8 


•^ 


r" 


28.1 
28.1 


5-1 

4.0 


81 
37 


20 
22 


24.8 
24.8 


V^ 


^ 


t24.8 


4-4 


43 


25 


24.8 


1.6 


3 


24.8 


4.8 


60 


28 


24.8 


1.3 


a 


21.7 


2.0 


3 










21.7 


2.9 


10 










21.7 


2.9 


10 











* Periodicity even in the absence of coronas. f Periodicity ceases. % Returning. 

32. Remarks on the tables.— The mference has already been drawn 
that the number of nuclei as well as their size varies as the ionization 
per cubic centimeter. The fog limit is reduced by the presence of 
weak radium in sealed thin glass tubes within the chamber, from 
8^ = 24 to 19 cm., observations which may be made pretty sharply. 
This implies (quite apart from number) that the nuclei in the pres- 
ence of radium are larger, as they are the offspring of a more highly 
ionized field than exists in nonenergized identically filtered air. But 
apart from the fog limit, the number of nuclei large enough to fall 
within the scope of any given Ip is correspondingly increased. 
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The fog limit of filtered air after the radium is withdrawn soon 
regains its original value; but some definite time (say 15 minutes) is 
necessary even here. It does not seem to vary appreciably with the 
time of exposure. (See figs. 31, 32.) 

As the radium of low power (io,oooX) is inclosed in glass 0.04 
cm. thick, it is probable that P and y rays are chiefly responsible for 
the nucleation. Hence it appears that nuclei are produced by suffi- 
ciently swift moving corpuscles as well as by the X-rays, an important 
result bearing on an inquiry suggested above. This will be further 
substantiated in the next chapter in favor of the gamma rays. 
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Figs. 35-54- — Aperturea 
of coranas [s) and>iic]ea- 
tious (w) varying with the 
pressure differences (S», 
for the case of dust-free 
air energised by radium 
acting from different dis- 
tances. 

Figs. 35-37. — Decay 
carves found after the re- 
moval of the radiam from 
the fog chamber. 

Table 11, referred to In fig. 
33, will be found as table so, 
p. 37. 

Table la, referred to In fig. 
35, will be found as table si, 
p. 38. 

Table 120, referred to In fig. 
37, will be found as table 23, 
p. 40. 



33. Data for nncleatiOlL— The results for nucleation in case of a 
dust-free atmosphere energized by radium (10,000 X) contained in a 
lunnetically sealed glass tube are clearest in the third part of table 
I8| where nearly straight n-curves for inferior and superior coronas 
may be made out (fig. 28). Part 2, containing data obtained shortly 
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after the cadinm tnbe was introduced, is not easily interpreted, but the 
action of radium is obviously weaker. In most cases there is marked 
periodicity, and part 4 of the table proves that the nucleation is over 
9 times greater for the superior than for the inferior coronas. After 
an exposure of 18 hours, the nucleation of the superior coronas is 
fully 20 times greater. 

In table 19 the nucleations of the superior and the inferior coronas 
are particularly striking at 8/ = 25.8, and the ratio is actually 11 
(fig. 30). Thereafter periodicity vanishes with fialling nucleations and 
the return n-curve is along an average path. If periods were due to 
the gradual growth of nuclei, supposing that the time between iwo 
successive exhaustions is needed to bring the nuclei within the scope 
of the given pressure difference, there would be no reason for the rela- 
tively unbroken return. Oscillation appears to be wiped out by high 
pressure differences as well as in a march of decreasing values. 



Tablb 20. — Radium at dififerent distances from line of sight, 
exhaustions usually 2 minutes. 



Interval between 



Distance. 


dp. 


s. 


N X 10-*. 


Distance. 


«/. 


s. 


A^Xio-*. 


00 


24.2 


0.0 





00 


24-5 


0.0 







24.2 


0.0 







24.8 


1.0 


2 




24.8 


1.2 


2 












24.8 


1-3 


2 


200 


21.7 


t2.3 


4 


45 


24.2 


3.7 


27 




21.7 


1.6 


2 




24.2 


3-4 


19 




21.7 


0.0 







21.7 


2.8 


9 




21.7 


0.0 







21.7 


2.7 


9 




21.7 


2.0 


3 




20.1 


0.0 







21.7 


1.8 


3 




20.3 


0.0 













45 


20.8 


2.1 


4 




21.4 


I.I 


2 




20.8 


2.0 


3 




21.4 


1.0 


2 




20.1 


0.0 















20.3 


0.8 


I 




23.3 


1.8 


3 


100 


f 21.7 
21.7 


•2.2 
I.O 


4 

2 




23-3 


2.0 


3 




I 21.7 

( 21.7 

21.7 


2.2 

•(2.5) 

1.6 


4 
7 

2 




24.8 
24.8 


1.9 
2.1 


4 

4 




21.7 


2.1 


4 












20.8 


0.0 







24.8 


t2.2 


5 




20.8 


0.8 


8 




24.8 


2.1 


4 



* Periods?. t After 40 minutes' exposure. 

34. Fog limits raised by weaker ionlzatioiL— The view taken in this 
paper that the size of the nucleus increases with the intensity of the 
ionization may be tested by removing the radium from the apparatus 
and allowing it to act from increasing distances (figs. 33, 34). This is 
the case in table 20, where observations to determine the fog limit are 
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given when the radium is placed at 45 cm., 100 cm., 200 cm., respec- 
tively, from the end of the fog chamber, or, better, from the line of 
sight. Whenever radium is not too far from the apparattis the 
change of fog limit may be made out sharply 1 



Distance, 





45 


100 


200 


00 


cm., 


«/ = 


19 


20.2 


20.8 


21.5 


245 


cm.. 



showing that the nuclei increase in size with the intensity of the ion- 
ization. These and the following data are mapped out in figure 34 of 
the chart, n instead of N (reduced to normal pressure) being usually 
inserted. In case of long distances (200 cm.) the results are apt to 
be irregular. On removing the radium to a great distance the fog 
limit of air is soon restored, and it will be seen that all observations 
are introduced by test experiments with dust-free air. 

Table 21. — Coronas for a given pressure difiference and fog limits after removal of 
radium (o.oi gram, 10. 000 X. in hermetically sealed aluminum tube) from inside of 
fog chamber. 



Time. 


«/. 


Si. 


St. 


Fog limit. 


Xio-« 


h. 















*21.7 


4.8 




19 


36 





*i9.o 


1.2 






2.1 


0.1 


t21.7 


4.0 






20 


0.3 


21.7 


4.0 






20 


0.7 


21.7 


4.0 






20 


3.5 


t21.7 


3-7 


3.0 


21 


17 8.0 




20.0 


0.0 









5.0 


I21.7 

t21.7 


2.6 


2.2 




5.6 4-0 


21.5 


2.2 


0.8 


22 


3.0 0.8 


29.5 


21.7 


I.O 


0.0 


23 


I.I 0.0 




24.7 


1.2 






1-4 



* Radium present. f Radium removed. % Successive exhaustions. 

35. NucleatioiL — An important interpretation of the preceding results 
is obtained by mapping out the nucleations, «, in relation to the cor- 
responding pressure differences, hp (fig. 34). The slope of these 
curves falls off rapidly for radium at o, 45, 200 cm. from the fog cham- 
ber, while the fog limit rises. In other words, the initial slope of 
the w-curves is steeper as the fog limit is lower. Thus per increment 
of 8/> of I cm. of mercury, above the fog limit of the ionized medium, 
and below the fog limit of nonenergized dust-free air, there will be 
found in succession for radium in — 

Sealed aluminum tube within fog chamber, d«— 12,000 

Sealed glass tube within fog chamber, 6,000 

Sealed glass tube, outside, 45 cm. from fog chamber, 3.500 

Sealed glass tube, outside, 200 cm. from fog chamber, 1,000 
Dust-free air (above fog limit, radium at infinity), 10,000 
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Hence the gradation is efifectively more even, finer, / . ^., with fewer 
gaps, as the fog limit is low and the maximnm size of nnclens larger, 
while for sparse distribntion the steps from any nucleus to the next in 
order of size are relatively large. For a different medium, dust-free 
air, for instance, as given in the summary, or figure 34, the gradation 
is characteristically different. Later experiments (Chapter III) make 
it probable that the curves for dust-free air, not energized, and dust- 
firee air energized by radium and X-rays, make a continuous series. 

36. Radium in sealed alnmlnom tube.— The identical sample of 
radium (o.oi gram, io,oooX) was now removed by cutting the glass 
tube, put into an aluminum tube (walls about o.i mm. thick), and 
again hermetically sealed. This tube was introduced into the inside 
of the fog chamber, kept in place 15 minutes or more, and then 
removed to an infinite distance. The results obtained are different 
from the preceding case of the same radium in the thin glass tube ; 
for whereas the fog limit of dust-free air was regained 15 minutes after 
the removal of the glass tube (figs. 31 and 32), it took at least 30 hours 
to restore the same fog limit after the removal of the aluminum tube. 
Table 21 shows the results, where Si and s^ are apertures obtained in 
successive exhaustions about 2 minutes apart, dust-free air being 
added to the fog chamber in the interval (fig. 35). 

The successive fog limits for radium sealed in the thin aluminum 
tube are, therefore, in centimeters of mercury (fig. 36), 

Radium in place, d/ = 19 
Radium tube removed: 

Fog limit 3^ hours later 21 

•• 21 " 22 

•• 30 •• 23 

provided time is allowed for the excited activity within the chamber 
to saturate the air with nuclei (cases Si), When such time is not 
allowed as in the succeeding exhaustions (cases Xs), the fog limit of 
dust-free air is practically regained in 30 hours. Something like an 
emanation seems here to escape from the aluminum tube rapidly and 
from the glass tube slowly, in spite of their thickness, relatively speak- 
ing, and induces radio-activity at the inner walls of the fog chamber; 
or possibly this induced activity is a kind of phosphorescence produced 
by the impinging fi and y rays. It seems probable that the life of 
the excited activity may be prolonged at pleasure within limits, by 
gradually decreasing the walls of the aluminum tube hermetically 
sealing the radium excitor. 

The loss of the activity shown by the rise of the fog limits in the 
lapse of time is naturally of an exponential character (fig. 36). It 
rises quickly after the removal of the radium from 8^=19 to about 
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tp—2i, after which the true exponential march due to the excited 
activity begins. It would be better to state these data in terms of the 
number of nuclei produced after indefinite exposure (nuclear satura- 
tion), the number to be found by a given sufficiently high pressure 
difference below the fog limit of dust-free air. Bnt the obsoirations 
of table 2 1 are scarcely advanced enough for this purpose. In fiurt» the 
irregularity of size of the coronas s^ obtained at the given pressure- 
difference, 8^=21.7, is worthy of remark. The curves obtained in 
the second exhaustion (j^), whereas but a few minutes of exposure of 
the air to the excited activity are in question, are much smoother. 
The w-curves do not suggest any further comment. 

The above experiments on radio-activity, induced by radium con- 
tained in a closed aluminum tube placed within the fog chamber, 
having been made soon after the tube was filled and sealed, it was 
thought necessary to repeat the work two months later with the same 
tube. As a safeguard this was additionally sealed at the ground joint 
(screw plug) with resinous cement. Data so obtained with the wood 
fog chamber were curiously irregular, showing periodicity occurring 
in triads. Large coronas appeared after long waiting (15 hours), and it 
is therefore probable that there was some slight leak whereby air nuclei 
entered the fog chamber and captured much of the precipitated water. 
In contrast with these suspicious results, the data for decay curves were 
consistent, showing an increase of nucleation within about 20 to 30 
minutes subsequent to removal, after which a gradual decay occurred 
to about one-half in 6 hours. But the data as a whole were discarded. 

The experiments were now repeated in the glass fog chamber, which 
had been specially tested for freedom from leaks. The exhaustions 
made below the fog limit for dust-free air are shown in table 22 and 
figure 37. 



{ 



Table 22.— Radium in fog chamber. Sealed aluminum tube, 
sive exhaustions, i"*-2" apart. 



ip ^ 25 cm. Succes- 



Exh. No. 


s. 


A^Xio-» 


Exh. No. 


s. 


A^Xio-» 


Exh. No. 


*. 


A^Xio-* 




4-5 


48.0 


9 


4-4 


44.0 


16 


2-3 


5*4 




2.6 


9.2 


TO 


2.2 


5.0 


17 


2-5 


8.0 




I.O 


1.8 


II 


.0 


.0 


18 


2.7 


10.4 




♦5.0 


67.0 


12 


3.4 


20.4 


19 


4.0 


32.4 


6 


2.7 


10.4 


13 


•3- 3 


18.6 


20 


t5.2 


74-4 


1.0 


1.8 


14 


*3.8 


30.0 


21 


3-7 


28.6 


7 
8 


4.4 
2.2 


44.0 
5.0 


15 


*2.0 


3.8 


22 


3.7 


27.6 



* Renewed after waiting 5 minutes or more. 



t Next day. 
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The new data are, in &ct, quite di£Eerent from the old. After intro- 
ducing the sealed radium tube the nucleation rises rapidly to a maxi- 
mum, falling off, however, to a mean value in 14 hours. On removing 
the radium tube from the chamber, the nucleation falls off at once to 
about 10 per cent of its original value. This appreciably increases a 
little at first, but vanishes practically in the ensuing 12 hours. One 
may note that the second and subsequent exhaustion usually show 
smaller nucleations than the first, as though it were possible to reduce 
the nucleation faster than it is restored. It is probable therefore that 
in the first experiments something like an emanation escaped from the 
ground joint or that the outside of the aluminum tube had become 
radio-active during filling. Nevertheless, a residual effect is in evidence 
in the last experiments made, which can not be explained away. 
Something has escaped through the aluminum tube which produced 
the lingering radio-activity of the chamber (fig. 37). 



EXPERIMENTS WITH DUST-FREE AIR ENERGIZED BY THE X-RAYS. 

37. Persistence of nuclei produced by X-rays in the lapse of time.— The 
nuclei produced by the X-rays of sufficient intensity (/. e., when the 
bulb is near the fog chamber), if left without interference, are indefi- 
nitely persistent as compared with the initial ionization. Table 23 
shows some incidental results. It is not possible to determine the 
law of decay (probably exponential) by this method, as the nuclei are 
lost or otherwise destroyed by the condensation which determines their 
number. The initial nucleation must therefore be inferred. Again, 
the first coronas (if the X-ray bulb is at one end of the fog chamber as 
was here the case) are apt to be distorted, so that the corona obtained 
on first exhaustion is not available for definite measurement. To some 
extent the datum is supplied by the corona of the second exhaustion 
(5,), observed after the fog particles of the first corona (js{) have sub- 
sided, filtered air slowly replacing the exhausted air. m refers to 
the precipitation of water per cubic centimeter, at the pressure 
diflferences shown by the subscripts. 

Within an hour or more after the exposure the coronas are invari- 
ably strong. Within 16 minutes, 36 minutes, even 85 minutes, they 
show diminutions of aperture comparable with that usually observed 
in the case of other nuclei. In half an hour the nucleation has not 
fallen below }4 , in an hour not below }i,eXQ. After 4 hours, however, 
all nuclei within the scope of the exhaustion have vanished. 
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Table 33.— I^ecmy ol X-njr oadeBtioo ia la|ae ol tiae. Fipnr e, 3 minatei; 
6 cells. |:;jr;;i^;^} Gooiooetercl—np. 



Time. 



A. 


M. 




16 


4 












3^> 







I 


25 



«A *^i. 



io-«X 



3.0 80 



13.5 6.9 

13.5 0.0 

13.5 6.0-7.0 3.5 68 

16.7 4.7 1.5 28 

16.7 'Spindle 5.6 ; 

16.7 I 3.8 1.2 15 



IO--X 



6.6 66 

o 

IX 56 

1.4 28 

4.6 , 

I.I ; 15 



* Narrow spindle throoghoot A side. 



5-4 
.0 

9 

1.4 
46 
x.x 



Tabi.k 24.-'Fog limits obtained with X-raj nuclei. X-ray balb at different distanoea. 
Kxponure for different times. Line of sight 15 cm. from end of fog chamber. 
Goniometer close up. 



T 



Remairki, 



Cur refit nn^ 
off. 

off- 
off.- 



on. 

on< 

on* 

off. 

off. 

off. 
Fog limit * 
(^urr«nl on- 

on*- 
Fog limit < 




IA 



18 

22 

as 

34.8 
21.7 
to. I 
tH.o 
20.1 
21,7 

23-1 
20«f 

ili.5 

in 



0.0 

.8 

.8 

"•4 

J 4 

7-0 
5,0 
2.g 
0.0 
0.0 
0.0 
0.0 



2.9 
T'4 



X 



o 

I.O 
I.O 

1,7 
110 

9-4 

o 

o 

o 

o 



Remarks. 



Curreot on- 
on. 

Fog Limit <. 

Current on. 
on- 



Fog limit < 



Current on< 
Fog limit >> 






Mm. 

3 



ti8.5 

^4-9 
11.^ 

fO 

t8*5 
*i7 



4-5 

4.1 

ObO 



X 

m 



Iff 

17 



9-a 


JS 


M 


^ 


O-o 





3** 


8 



* Spontaneous condensation in dust>free air. t Distorted coronas. t Aboat 

38. Poi: limits of nuclei produced by X-rays.— To obtain lower fog 
limits than were producible with the weak radium above employed, 
the following experiments with the X-rays (table 24) were undertaken. 
Kven here the radiation is not strong (coil with 4-inch spark gap and 
energized by 4 storage cells). 
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The following fog limits were made out with the aid of the same 
fog chamber of waxed wood, used above : 



X-ray bnlb 


Exposure. 


Fog limit. 


35 cm. 

10 

10 

2 
2 
2 


2 min. 

2 

4 
2 

4 
10 


18 
17 
15.5 
10 
Vanishing. 



A few other cases will be added below, giving for stronger radiation 
at a distance of 2 cm. and for only 2-minute exposure fog limits at 
5 and 4 cm. In each case the air was rigorously freed from dust by 
filtration before the exposure began. Hence the nuclei are due to 
the X-rays alone, and their size increases indefinitely with the intensity 
of the ionized field. Indeed as to size they eventually in no wise differ 
from phosphorus or other efficient nuclei, and require almost no super- 
saturation to induce condensation. 




"6 S H) IZ lA- 

Figs. 38-39. — Apertares (5) and nucleations («) varying with the pressure differences 

(8/) for the case of persistent nuclei produced in dust>free air by the X>rays. 

Table 17, referred to iu figs. 38 and 39, will be found as table 27, p. 45. 

39. Sudden exhaustion in the absence of condensation.— in many of 
the experiments the nuclei seemed to be destroyed by sudden exhaus- 
tion even when no condensation took place, the pressure differences 
lying below the fog limit. As this is an important question bearing 
on the flying to pieces of the nucleus, special investigations were made 
as detailed in the following tables. The point at issue may be stated 
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definitely as follows : Let hp be the tog limit of the given gas satn- 
rated with moisture. Let S// > t/ be a pressure difference producing 
strong coronas. Let If/' <ilp produce no condensation at all in the 
dust-free gas (below the fog limit). Then if the fog chamber is 
exposed to radiation in a definite way, in a definite time, and thereafter 
left without interference, Ipf will produce coronas for hours after the 
radiation ceases. If, however, immediately after the exposure I//' is 
applied, producing no condensation, and if (dust-free air being intro- 
duced at once), without loss of time. If/ is now applied, will coronas 
appear or will they not appear in spite of the excessive exhaustion ? 
In other words, has the nucleus returned to dust-free air ? 

Thus, in table 25, experiment i shows that mere lapse of time has no 
relatively important effect. In experiments 2 and 3, the first exhaus- 
tion at S^ = i8 has all but destroyed the corona, for 8^=25 subse- 
quently applied, which should, by experiment 3, have been 1=7.0 cm. 
Similar remarks apply to experiment 4. Experiments 5 and 7 instance 
the usual case, that if a corona is produced in the first exhaustion, there 
will always be a smaller one in the second exhaustion. These are 
the favorable experiments ; but experiment 6 and others which might 
be added show that the effect of the lower exhaustion does not disrupt 
the nucleus for the higher exhaustion. Thus there is no trustworthy 
evidence for the flying to pieces of the nucleus, and, in fact, the next 
section (table 27) shows that X-ray nuclei sustain high sudden exhaus- 
tions without being dissipated or filling to produce condensation. 
The difficulties encountered are without doubt referable to the vari- 
ability in action of the X-ray bulb. 

Table 25. — Possible rnptnre of the niicleiis. 



First exhaustion. 


Time 
elapsed. 


Second exhaustion. 


«/. 


s. 


«/. 


5. 


x8 

"6 ' 

13.4 
6 

13.4 


0.0 

**(t) 
6.0 
(t) 
5.8 


Afin, 
3 

2-3 
2-3 
2-3 
2-3 


20.1 

25 

25 

13.4 

13.4 

13.4 

13.4 


*i.3 
7.0 
2.6 
4-1 
4-5 
3.4 



^Spontaneous condensation. fThin drifting fog. 

Bxperiments were also made under satisfactory conditions with the 
bulb at 80 cm. (table 26). But the nuclei so obtained are esaentiallj 
fleeting and would vanish without the first exhaustion. 
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Tablb 26. — ^Attempted breaking to pieces of nuclei. Bulb axial at 80 cm. from end. 
Exposure, 3min. Fog-limit air, s=i.o 1.5 at «/ = 24.7; with X-rays origi- 
nally: 9p = 24,S, 5 = 3.8. Filter with wet-sponge tube. 



ipl. 


*1. 


«/.. 


St. 


iViXio-^. 


iViXio-». 


24.8 


3.9 


24.8 


1-5 


30.0 


2.7 


22.1 


30 


22.1 


.0 


II. 3 


.0 


19.7 


.8 


24.8 


1.8 


I.I 


3.1 


19.2 


.0 


24.8 


2.1 


.0 


4-3 


24.8 


3.6 


24.8 


.8 


24.7 


1.4 


19.2 


.0 


24.8 


I.O 


.0 


1.8 


19. 1 


.0 


24.8 


.'•5 


.0 


2.7 


24.8 


♦3.3 


24.8 


ti.5 


18.5 


2-7 



♦ Exposure, 7 min : 8/ = 24.8, 5 = 3.6. 

t Accidental influx rapid and large : 8/ ^24.8, ss- 



= 2.8, 54 = 2.4, 56 = 0.8. 



40. X-ray naclei at different hl^h-pressiire differences.— The follow- 
ing experiments originated in a somewhat similar purpose to the pre- 
ceding section. In table 27, ^1 and s^ show the apertures of the 
coronas on first and second exhaustion, filtered air being added in the 
meantime, after an exposure to relatively weak radiation. The aper- 
tures are a maximum at 8^ = 15 — 17 cm., after which they decrease 
£EiSter than the increased precipitation on the nuclei warrants (fig. 39). 
The «-curves and the ^-curves with increasing &p are both similar. 
As the final fall of curve depends on the diflference of the opposed 
effects of larger precipitation and greater number of particles within 
the range of condensation, the very small nuclei must here be in 
absence. 



Tablb 27. — X-ray nuclei at different pressure differences. 

apparatus, 3 cm. 



Distance of bulb from 



Interval of exposure, 5 min. 


Exposure, 3 min. 


ip. 


^1. 


^t. 


MXio-» 


iV»ioX"* 


«/. 


s'l. 


^t. 


MXio-» 


A^tXio-* 


21.7 
19.0 
16.7 
13.4 
8.9 
6.0 
13.4 


3.0 
4.4 
5.6 
6.0 

5.5 


0.0 
2.1 
4.0 
4.1 
3.3 
2.3 
4.1 


12.5 

33.7 
61.9 
58.6 

(V 

46.4 


.0 

3-4 

23.2 

19.5 

7-4 

1.3 

19.5 


24.7 
24.7 

33.1 
24.7 
16.7 
8.9 
4.0 
16.7 


8.0 
8.0 
5.0 
8.0 
(t) 
(t) 

<|) 
(t) 


4.4 
4.1 

2.7 
4.4 
5.0 
5-3 
5.7 
5.0 


180 
180 
102 
175 


45 
37 
15 
46 

47 

28 

14 
46 



* Thin drifting fog. 



t Long spindle. 



X Floating veil. 
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• #• 



i ''"1: t 



'^ Corresyin dTn g expeilm ents giren in t^ aeoasid part oi die tmUe 

^ w^rt therefore made whi marer pcFwerfinl TwSaAm <fig. 5S». Here 

y, tbct is m regular decremse of apertnre frtnn Ac b e ginning wbeze pies- 

'^^ WIT*: difitrcajccs are vanishiiig to tie end w^ieie tber arc TCiy higli. 

The sncleatians nerertli^ess pass tixnngii a ddc min ed maTiinrin at 
> aVmt i/^ i6 to 20 cm. The endeaTor was made to guard against 

♦> variat:c/a of cficiencr of the X-raj bnlb and odier canses by repeated 

^ redetermination of the fiducial pr ea sm e s . The fog limit of dnst-frec 

afr is i^ = 24.7 here. Hence it is noteworthy that the c ampat ed nnde- 
'^ &t:o3 decreases at theh:g:hest pr es snic d iffer e n ces in spite of tiie acccs- 

bion of air nnclei to augment the nnmber of X-Tay nndei prese nt. 
Thf: figures ^38. 39; show the changes of n : bnt the rednction to N 
^nuclei per cubic centimeter at normal pressure^ adds nothing new to 
the results. 
/ I To determine the nncleations for the high exhaustions is precmrions, 

^.itcause the efficiency of the apparatus in producing truly adiabatic 
<xmdition& will rapidly grow less, and because the data needed for the 
^. vapor pressure of water 20^ or more below freezing are not forthcom- 

ing. A method of quadratic extrapolation had to be used in the 
;/rei>ent table. Indeed, with the possibility of temperatuies below 
frtezio}^ even after the condensation of the water vapor, the whole 
phenomenon becomes very complicated. Hence the values of A^ in 
tsible 27 are mere estimates for values of ^p exceeding 20 cm. 

It may be observed, in conclusion, that in all the above cases the 
X -radiation was cut off some minutes before the exhaustion, so that 
I^fbibtent nuclei are alone in question, to the exclusion of the fleeting 
ijn'.lei difycu«>sed in the next chapter. 



CHAPTER III. 

CRITICAL CONDITIONS IN THE FORMATION OF IONS AND 

OF NUCLEI. 

The present chapter is a close continuation of the last, and is sepa- 
rated from it for convenience in treatment. Dust-free air, energized 
or not by radiation, is always in question. The subject considered in 
the earlier paragraphs is a comparison of fleeting and of continuous 
nuclei and the passage of one form into the other either by increasing 
the strength or quality of the radiation, or by solution. The eflfect 
of both methods in changing the fleeting into the persistent form 
is possibly the same. Afterwards the inquiry is reversed and the 
radiation itself examined in terms of the nucleation produced. It is 
noteworthy that penetrating radiation is a powerful nucleator. 

41. Apparatus — ^X-ray bulbs. — A number of medium-sized bulbs of 
German pattern, about lo cm. in diameter with an anticathode 2 cm. 
in diameter, were used. The differences between these were no greater 
than the differences between the same bulb after varjring periods of 
action. The table summarizes a few data. There seems to be a 
voltage at which the nucleation (N) produced is a maximum. 

Tablb 28. — Comparison of di£ferent bulbs. Pressure difference 9/ = 25 cm. X-ray 
bnlb 200 cm. from fog chamber. Exposure, 3 sec. Exhaustion during exposure. 
Bulbs 10 cm. diameter. Anticathode 2 cm. diameter, except No. 2, which was 
smaller. 



Bulb. 


Bulb 
vacuum. 


Coronal 
aperture. 

51. 


Nucleation. 
iVXio-». 


No fused above) 


Low. 
High. 

II 
II 


5.0-6.0 
5-5 
5.5 
5.8 
5.8 
3.8 


60-110 

87.6 
87.6 

lOI.O 
lOI.O 

30.0 


I 


2 (small) 


■3 


A , 


4 with lead plate ; 0.14 cm- 



The radium referred to was a weak sample (io,oooX), o.oi gram of 
which inclosed in a hermetically sealed tube of thin aluminum (walls 
0.1 mm. thick) sufficed for the experiments. 

47 
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42. Foi: Chambers— Filters with satnrator.— The long rectangnlar fog 
chamber (Chapter II, section i6) of capacity z;=i3,ooo cc, having 
the volume ratio v/ 1^=0. 13 to the volume f^ of the vacuum chamber, 
was largely used. It is often difficult, however, to keep plate-glass 
windows perfectly tight. Hence the cylindrical fog chamber (length 
45 cm., diameter 12 cm.) was substituted for it, in which case 
viy=o.o6. Both the former and the latter were often incased in 
sheet lead, 0.14 cm. thick, leaving merely an open strip in the broad- 
sides for observation of the coronas. 




Fig. 40. — Filter with wet-sponge tube (saturator). 

In view of the difficulties encountered in the preceding chapter, the 
attempt was finally made to counteract the effect of periodicity by 
saturating the filtered air with water vapor before introducing it into 
the fog chamber. To do this the U tube, figure 40, filled with pieces 
of wet sponge was added to the filter F, the filtered air from B entering 
the fog chamber very slowly by way of the stopcock C. This innova- 
tion seemed at first to be remarkably successful, as the results of table 
29 on page 50 will show. Later, however, there was a very definite 
recurrence of periodicity, the true cause of which I ultimately traced 
to the inevitable formation of water nuclei. In addition to the filter 
mentioned, an ordinary dry-cotton filter and a Pasteur filter were often 
used; but the latter was soon discarded, as it gave no additional free- 
dom from dust and prolonged the time of filtration inordinately. 

F 



I 



£ A 



'id' 




Fig. 41. — Rectangular wood fog chamber A, with screening lead plates P and X-ray 

bulb B, exhaust pipe ^, and filter pipe F. 
Fig. 42. — Cylindrical glass fog chamber A, with lead case Z and bulb B. £ is the 

exhaust pipe, ^the filter pipe, / the plug for cleaning, and zv the window. 
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43. NotatiolL — ^As above, the angular diameters, ^, of coronas will 
be given in terms of s, where 3oXsin ^/2 = 5/2, as the arms of the 
goniometer are 30 cm. long; usually ^=j/3o, nearly. To secure 
clearer vision, the goniometer was moved up to the plate-glass window, 
placing the eye somewhat over 30 cm. off. The source of light, how- 
ever, was left at 250 cm. from the trough, as above, and a correction 
applied for the distances. 



M, 



dtj: 
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Fig. 43. — Rectangular fog chamber A, with lead tube T, filter pipe F^ and exhaust 

pipe^. 
Fig. 44. — Cylindrical fog chamber A, with lead tube P, exhaust pipe £» filter pipe F, 

and plug /. 

In the tables, n usually denotes the number of nuclei per cubic 
centimeter of the exhausted air, N the number per cubic centimeter of 
the air at normal pressure and temperature. In successive exhaus- 
tions, without fresh nucleation, the apertures will be written SiSfSi.... 

and the nucleations corresponding Ni N^ N^ If, however, 

fresh nuclei are added, or if the exposure to the radiation is con- 
tinuous, 5/ 5/' Si'" and Ni' N^" Ni'" are usually used. The difference 
of pressure in centimeters of mercury between the inside and the out- 
side of the fog chamber (taken at 76 cm.) is denoted by ip. Hence 
Hf is the vapor pressure of water vapor, the corresponding volume 
expansion is (76— Z')/ (76—^—8^). D denotes the distance of the 
source of radiations (X-ray bulb, etc.) from the end of the fog chamber 
nearest it. 8^0 usually refers to the fog limit, /. e,, the pressure 
difference, below which there is no condensation in saturated dust- 
free air, within the scope of measurements made by aid of coronas. L 
shows the time elapsed between the end of the exposure to radiation 
and the condensation. 



EFFECT OF LARGE PRESSURE DIFFERENCES. 

44. Nuclei in dust-free air not ener^rized.— In table 29 periodicity has 
been all but wiped out, and the incoming and outgoing series lie as 
nearly on a curve as may be expected. 
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Table 29. — Fog limit and e£fect of pressure difference for combined filter and wet- 
sponge tube. Dust-free air, not energized. 



«/. 



ATXio- 



«/. 



A'Xio-- 



«/. 



iVXio-- 



24.8 



22.6 
24.2 

25-5 
26.4 



2.3 
1-7 
2.1 
2.1 
2.1 
.0 
i.o 
1.4 
2.7 
2.2 



5-2 
3-0 
4-4 
4.4 

4-5 
.0 

1.8 

2.5 
II. I 

5-3 



28.0 
29.7 

33.0 
38.0 
38.0 
33.8 
30.5 
27.3 



2.2 

3.0 
3.1 
3.0 
3.0 
3-1 
31 
3.2 
3.2 
2.7 



5-3 
15.1 
18.0 
16.4 
18.4 
24.9 
24.9 
24.1 
21.2 
II. I 



M'7 
23.3 



';^ 



2.4 
.0 



Pasteur filter dry. 
25.0 I 1.5 I 2.7 

Cotton filter dry. 
25.0 I .8 I Z.4 



The data for aperture, 5, reach a limit as ip contintially increases; 
but beyond the highest pressure diflference applied, s will probably 
again decrease. A^ therefore must continually increase within the 
limits observed, but beyond them it will also eventually decrease 
(curves 45 and 46). 

Incidental observations show the relative effect of a cotton filter 
without the sponge tube (Z?, figs. 45 and 46) and of the Pasteur filter, P. 
The former is apparently more efficient in its filtrations than the Pas- 
teur filter, which has the additional disadvantage of being too slow 
for purposes of the present kind (period of influx prolonged over 10 
minutes). 

Curiously the fog limit of dust-free air is reduced by the sponge 
tube, lying in the given apparatus below Sp = 23 cm. for rain and 
below 8^=24 for cloud. Such precipitations therefore cease when 
the volume increase on expansion in the two cases is respectively 
below 1.45 or just below 1.48, data which are naturally larger than 
C.T. R.Wilson's (Phil. Trans. Royal Soc. 1897, vol. 189, p. 265), in view 
of the differences of the apparatus employed. The reduced fog limit 
with the wet-sponge tube may be referable to increased supersatura- 
tion, but there is probably some specific cause yet to be investigated.* 
The highest nucleations observed lie within N= 25,000, which is very 
far below the conditions at which axial colors occur. 

The following chart (figs. 45-51) illustrates tables 29, 32, 33, 34, 
35, 36. ''Expy refers to time of exposure to radiation; **8/,'* to 
lapse of time after radiation ceases. D is the distance of the ionizer 
(X-ray bulb or radium tube) from the nearer end of the fog chamber. 



* It will be shown elsewhere that the {very slow) rate of filtration is here essentially 
in question. 
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S ^ is the pressure difference observed after exhaustion. The ordinates 
are often merely distributive or show the number of an observation in 
a series. The fog chambers are wood or glass as specified. 
I • I . II 




In the above chart the terms tablet 3, 5, 6, 7, 8, 9 refer to the tables in text now 
numbered 39, 32, 33, 34. 35, 36. 

45. Dust-free air energized by the X-rays from a distance.— In table 
30 data are given for the case of dust-free air feebly energized by the 
X-rays, the filter having the same sponge-tube attachment. I was 
not at the time aware of the rapid decay of the nuclei or ions produced 
by these means, and about one-half minute was allowed to elapse after 
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the expostire to the radiation before the observation was taken. The 
resulting apertures are thus reduced, about two-thirds of the nuclea- 
tion having vanished ; but they are otherwise comparable and much 
smoother than in the absence of a lapse of time, Z., between the end 
of the exposure and the condensation. Two successive exhaustions 
are often made for the same exposure, for which Ni and A^^ are the 
nucleations reduced to air at normal pressure. 

Tablb 30. — Fog limit and effect of pressure difference for combined filter and wet- 
sponge tube. Dust-free air energized by X-rajrs. Observation after lapse of aboot 
30 seconds. 



Part I. — Bulb 80 cm. from end of fog 
chamber; exposure, 3 min. 


Part II. — Bulb 150 cm. from end of fog 
chamber; lapse, 30 sec. 


«/. 


*i. 


s%. 


MXio-» 


iVtXio-» 


«/. 


Sl. 


s%. 


iViXio-* 


A^tXio-* 


20.9 

24.8 
28.9 
33.0 

37- 1 
41.2 

37-1 
33.1 
28.9 
24.8 
20.9 
19.2 
19.7 
22.1 


2.1 

4.0 

Itl 

4.0 
3-7 
3.7 
4.1 
3.8 
3.8 
1.8 
.0 
.8 
30 


#2" 

3.1 
3-2 

.0 


3.6 
32.0 
38.7 

53-3 
53.8 
45-4 
49-3 
35.8 
30.0 

2.6 
.0 

I.I 
"•3 


"3.8 
17.4 
23.2 

.0 


20.9 
24.8 
28.9 
33.0 

37.1 
41.2 
41.2 
41.9 
48.0 

371 
33.0 
28.9 
24.8 
24.8 
24.8 
24.8 


ri.7 
3.9 
3.7 
4.0 

3.7 
3.1 
3.3 
3.2 

3.3 
3.5 
3.8 


tri.5 
1.3 

2.9 
3.0 
3.2 

2.8 

2.7 
r i.o 


2.5 

29.6 
33.0 
47.2 
45.4 
J30.4 
37.4 
45.2 

30.6 
33.5 
35.8 
18.3 
2.4 

83.4 
30.0 


2.3 
2.3 

16.6 
21.7 
32.4 

23.1 

11.7 
1.8 



* Air nuclei. X Nonenergized air. ** Lapse, 3 min. XX Lapse, 30 sec. 

t Accidental delay, g Same as air not energized, ff Lapse, o min. 

In the first part of the table (curves 52, 53), while the values of ^i 
and ^3 reach a limit, the nucleations N^ and N^ continually increase 
and are about A^= 25,000 apart throughout the whole range 8^ = 25 
to 41 cm. Ni shows the number of nuclei left in dust-free air about 
half a minute after exposure to the X-rays ; A^, presents the case of 
dust- free air. 

The second part of the table is irregular. The mean curves, how- 
ever, preserve the same relations at first, the nucleations of the ener- 
gized air being 25,000 in excess. Toward the end of the curves both 
the energized and nonenergized air show apparently decreased nuclea- 
tion, while the former falls to the low values due to the normal air 
nuclei alone. The X-ray excess has been quite wiped out at 8/ = 41 cm. 
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At the end of the table the preponderating effect of lapse of time 
after exposure is indicated. All excess of nnclei is gone after 3 min- 
utes, while the original excess of 83,000 is reduced almost two-thirds 
in half a minute. 

46. Continued— Rays not cut off during condensation.— Table 31 

(curves 54, 55) contains data for the coronal apertures obtained without 
cutting off the radiation until after condensation has been produced. 
The two minutes' interval of exposure is excessive (as the following 
paragraphs show) when weak radiation (distance of X-ray bulb from 
end of fog chamber, Z? = 1 50 cm. ) is in question . The results in table 
31 are distributed cyclically, and the return series shows less nuclea- 
tion in general than the outgoing series. This is attributable to the 
gradual temporary loss of eflSciency of the X-ray bulb. Similarly the 
fog limit is slightly below 20 cm. in the outgoing series and slightly 
below 21 cm. in the return series, the rise being toward the nonener- 
gized dust-free air (8^0 = 24 cm.). 

Tablb 31. — Fog limit and e£fect of pressure di£ference for combined filter and wet- 
sponge tube. Dust-free air energized by X-rays. Bulb 150 cm. from end of fog 
chamber. Exposure, 2 min. Observation taken during exposure, or lapse, o sec. 



tf. 


^1. 


St. 


iViXio-* 


A^tXio-» 


a/. 


Si. 


St. 


iViXio-* 


iVtXio-* 


20.0 


ri.o 




1.3 




45.4 


4-5 




112 




21.7 


4.2 




32.5 




41.2 




3.3 




36.3 


23.3 


4.6 




47-5 




37-1 


5.5 




144.1 




24.8 


5.4 




82.2 




33.0 


5.0 




92.7 




28.9 


6.3 




147.0 




28.9 


4.8 




71.7 




33.0 


5-5 




123.1 




24.8 


5.4 




82.3 




37-1 


5.6 




151.3 




20.9 


1.8 




2.6 




41.2 


5.6 




179.4 















In addition to this, the outgoing and the return series show a curi- 
ous case of periodicity which may or may not be real ; but it is prob- 
able that there is decreased nucleation after ip exceeds 40 cm. The 
initial increase of A^ with 8/ is nearly straight and exceedingly rapid 
(8A78^ =15,000, nearly). This is somewhat greater than the above 
values for radium (about 12,000), but of the same order as the datum 
for weak X-ray radiation. The corresponding data for dust-free 
nonenergized air, given in the same chart, show that initially 
iN\ip = 5,000, nearly, in correspondence with the earlier data so far as 
can be made out. The nucleations N are throughout small as com- 
pared with energized air, the excess in the latter case, if mean values 
be taken, being of the order of 100,000 nuclei per cubic centimeter. 
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"JT S ^ M to «- ss 

Figs. 52-55. — Illustrating tables 30, 31. 

Tab. 3, in the above chart, is replaced by the present table 30 in the text ; Tab. 4, by the pment 

table 31. 

GENERATION AND DECAY OF NUCLEI. 

47. Fleetingf nucleL — This brings the work to the main purposes of 
the present paper, viz, to compare the generation and decay of the 
nuclei produced by the X-rays when the density of ionization or of 
electrification has diflferent values. It was shown conclusively above 
that with strong radiation the nuclei persist for hours, and it follows 
from the foregoing paragraphs that for weak ionization they are fleet- 
ing. Hence there must be transitional conditions, and these are to be 
investigated, both for the production and for the decay of nuclei. 

With such an end in view a strong X-ray tube may be placed at 
diflferent distances from the end of the fog chamber and the results 
referred to the nucleation within , or the same bulb in the efl&cient and the 
partially fatigued condition may be placed at a fixed distance near the 
apparatus. The second method is usually inseparable firom the first. 
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Data are given in table 32 ei seq.^ the pressnre difference being 
chosen at the fog limit of dust-free air, which under these conditions 
contributes but a few per cent of the nuclei. The first part of table 
32 shows that the origin of nuclei is practically instantaneous. Within 
5 seconds after the radiation from the X-ray bulb (placed at /? = 150 
cm.) begins, the air within the fog chamber is saturated with nuclei 
(curve 47). 

Decay is not quite instantaneous, but enormously rapid as compared 
with the care for intense radiation of the preceding chapter. The 
number of nuclei per cubic centimeter is reduced one-half in about 
2 seconds and reduced one-fifth in 20 seconds. After 120 seconds the 
nucleation of dust-free air is practically regained. The decay is not 
apparently exponential in character. If N=Nq c ~at^ the data of 
tables 32 and 33 are badly reproduced. With N=NQl{i+Vf) or 
ilN=a+bt, the agreement is as good as the observations. Hence 
--dnldi=^dn*f or the decay is as the square of the number, showing that 
the destruction is mutual between the nuclei as if they were positive 
and negative ions. 

Tablb 32. — Generation and decay of the nuclei. X-radiation, bnlb at Z? = i50 cm. 
9p = 25 cm. Filter and wet-sponge tube. 



I. Generation. 


II. Decay. 


Time of 
exposure. 


s. 


A^Xio-* 


Time after 
exposure. 


s. 


iVXio-* 


S€C. 

♦0 
30 

il 


1^1.5 
5.3 
5.5 
5-4 

I.O 


3.0 
79.0 
87.6 


Sec. 
10 
15 
15 
20 
20 

30 
30 
30 
30 
60 
60 
120 

Z20 




5 
5 


3.6 
3.7 
3.6 
3.4 
3.4 
5.6 

t2.0 
3.0 
3.2 
3.2 
2.6 
2.6 
2.2 
2.1 

^5.4 

t4.8 

4.8 

t3.2 

4.0 


25.0 

27.6 

25.0 

21.2 

21.2 

92.0 

3.8 

13.2 

16.6 

16.6 

9.2 

9.2 

5.0 

4-4 

83.4 

60.0 

60.0 

16.6 

32.4 


II. Decay. 


Time after 
exposure. 


s. 


A^Xio-^ 


Sec. 
5 
5 
5 

10 


3.8 
4.1 
4.0 
3.4 


30.0 
35-0 
32.4 
21.2 



* Dust-free air not energized. 

X Note the low apertures after full corona. 



t Nucleation produced instantly. 
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Tablb 33. — Continiiation of the preceding. Bulb at 40 cm. 9/ = 25 cm. 



I. Generation. 


UI. Decay. 


Time of 


s. 


A^Xio-* 


Time after 


s. 


-^Xio-* 


exposare. 






exposure. 






Sec. 






Sec. 









ro.8 


1-4 


5 


3.8 


30.0 


60 


5.2 


74-4 


5 


4.0 


32.4 


J5 


5.2 


74.4 


5 


3-7 


27.6 


*5 


5-2 


74-4 


15 


3.4 


20.4 





8.8 


1.6 


.... 


3.6 


25.0 








60 


2.7 
2.8 


10.0 

II.O 




II. Fog limit at 20 cm. 


120 


2.0 


3.8 




30 


3-3 


18.6 








.... 


3-2 


16.6 


«/. 


s. 


A^Xio-* 





5.6 


92.0 


21.6 


3.0 


II. I 


20.1 


1-5 


2.2 








18.4 


0.0 


.0 









* Nacleation prodaced instantly. 
Table 34. — Continuation of the preceding. Bulb at 10 cm. 



Time of 


s. 


A^Xio-» 


Time after 


s. 


A^Xio-* 


Time of 


s. 


jsrxjo-* 


exposure. 






exposure. 






exposure 






I. Genera 


ition. 8^ 


= 20.1. 


II. Decay. Exposure 60 


IV. Ge 


neration. 


«/ = 


(] 


Elays on.) 




sec. «/ = 20.i. 


24.8 


. (Rays 


on.) 


Sec. 






Sec. 






Sec. 






15 


2.1 


3.4 


15 


1-7 


2.5 


5 


4.0 


34-4 


60 


3.1 


11.4 


10 


1.9 


3.0 


5 


4-5 


48.0 


120 


3.4 


15.9 


5 


2.3 


4-2 


60 


4.5 


48.0 




1.9 


2.8 





3.1 


11.4 


5 


4.5 


48.0 




2.0 
3-2 
1.2 


3.0 

? 12.9 

1-7 








60 


4-7 


56.0 


15 


«/. 


s. 


A^Xio-» 














.0 
.0 

2.8 
2.3 


.0 

.0 

8.6 

4.2 








V. Gen 


eration. 
20.1. 


«/ = 


30 


III. Fog limit. I min. 




30 








60 


3.0 


10.3 


exposure. (Rays on.) 


Sec. 






120 


3.4 


15.9 


Fog limit, 18 cm. 


15 
60 


2.1 


3.4 














3'i 


11.4 








20.1 


3-1 


11.4 


120 


3.4 


15.9 








18.4 


.8 


.8 














21.6 


3.5 


19.2 














23.3 


3.9 


28.5 














24.8 


4.9 


63.0 
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If A^ be expressed in thousands per cubic centimeter, the following 
is a summary of the results obtained : 



First series. a = o.ow8. ft = 0.0020... j ^JJlted 
Second series. a=o.oi20. ft = o.oo2i8 { ^JJ^^" 



sec. 


20 sec. 


78 
78 
83 
83 


19 
19 
18 
18 



60 sec. 



The eflFect of periodicity is still in evidence, seeing that the large 
coronas are apt to be followed by relatively small coronas. Some 
special results are given in the table. The coronas at these distances 
are round, but blurred, showing the occurrence of nuclei of all sizes. 

At Z? = 40 cm. (table 33 and curve 48), the results are not essentially 
diflFerent. The X-ray bulb is weak at first, but seems to recuperate in 
the course of the work . In other respects the two curves are essentially 
the same, as the above data show. In spite of the variability of the 
X-ray bulb, the insignificant diflFerences of nucleation in these two 
cases are astonishing, for the distances vary from 40 to 150 cm. The 
law of inverse squares would predicate a fourteen-fold decrease. In 
fact, the same anomalous result seems to hold quite up to the fog cham- 
ber, as suggested in the data of table 34, 

The bulb in table 34 is unfortunately weaker, showing only about 
half the nucleation of the preceding case {N= 48,000 at ^p = 24.8 cm., 
for instance) in spite of greater nearness {D = io cm.). The earlier 
data may have been larger, iV= 63,000 being among these. The fog 
limit has been definitely reduced from 20 cm. to 18 cm. 

Generation is now no longer instantaneous; certainly not at 
hp = 20. 1 , though the data at the larger pressure diflFerence hp = 25 are 
not decisive. It takes at least 2 minutes for the given radiation to 
saturate the air with nuclei corresponding to hp = 20. i . (See curve 51.) 

In conformity with the slow generation of nuclei the period of decay 
is now definitely prolonged. In 3 to 4 minutes the nucleation is 
reduced one-half. 

48. Persistent nncleL — ^The data for stronger radiation, showing 
remarkably persistent nuclei by comparison, have already been given 
in Chapter II, section 37 et seq., and are repeated in the annexed 
curve (50). Roughly, the reduction is one-half in about 10 minutes 
and four-fifths in 80 minutes, contrasting sharply with the reductions in 
2 seconds and 20 seconds, respectively, in the case of weak ionization. 
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Table 35. -Data for penittent nndd. /> = 6 coi. 



i! 

I 

; 

E 

••• 

i 



Time of 
cxponiirc. 

A/lM. 

5 



Time 

after 

exprMure. 



m. 

o 

16 

o 

o 
^5 



«/. 


*i. 


Sf. 


.ViXio-*. 


A'tXio-*. 


'3-5 


♦7.0 


3-5 


86.0 


12.7 


13.5 


6.9 


3.0 


82.9 


6.8 


13.5 


.0 


.0 


.0 


1 

r 


10.7 


♦Spindle. 


5.6 


(100) 


60.0 j 


16.7 


4.7 


1.5 


36.4 


1.8 1 


1O.7 


3.8 


1.2 


19.5 


'•' i 



♦ Distorted. 

AHAuming the above eqtiation ilN=a+b/t or ^ dNldi = iN^, tar 
which, however, there is no immediate justification here and which 
does not fit well, values of the order of a — o.oi and* = 0.00001 follow. 
The decay is thus shown to be several hundred times slower than 
above, under like assumptions. 

In table 36 and curve 51 specific results for the generation and decay 
of nuclei have been added, obtained with a bulb strong at first, but 
eventually losing intensity below the necessary limit. The first part 
of the tabic shows a law of generation increasing with the time of 
exposure at an accelerated rate, consistently throughout the 180 sec- 
onds of observation. The remaining conditions have already been 
investigated in Chapter I. Measurement is difficult because of the 
distorted coronas, which soon become densely stratified fogs. The 
pressure difference used {&fi — 20 cm.) is below the fog limit for air. 

The curve (51) for nucleation (JV) shows an enormously rapid 
increase after i minute of exposure, as though the nuclei themselves 
became radio-active, temporarily. This increase is sustained even if 
the radiation is cut off. (Section 56.) 

The results for decay, in case of the persistent nuclei here obtained, 
are complicated and must be given in curves. In the second part of 
the table the minute exposures show but slight, if any, decay, in the 
absence of radiation, after the lapse of i minute. The 2-minute 
exposures actually seem to show increased nucleation in the minute 
succeeding exposure (secondary radiation, section 16); but in the 
ensuing 5 minutes after radiation, decay is manifest (curve 51). The 
behavior of the fatigued X-ray bulb may be contrasted with this, in 
the same position (part IV). The nuclei vanish as in the third part 
of the table, in spite of the 2-minute exposures as compared with the 
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i-minute ezpostires of the fonner case; and these inferences are cor- 
roborated by the last observation (part V) at the original low 
8^ = 20 cm. 

Tablb 36. — Continaation of the preceding. Bulb at 6 cm. 



Time of 


Time after 












exposure. 


exposure. 


»/. 


Si. 


St. 


A^iXio-*. 


A^iXio-*. 


(Rays on.) 


(Rays off.) 












I. Generation. 


5 sec. 


osec. 


20.1 


1.8 




2.5 




10 







3-1 




11.4 




20 







3.0 




10.3 




60 







3.6 




19.5 




180 







Strata (9.4) 


5.5 


(500) 


68.3 


60 







3.6 




19.5 
(100) 




T20 







Strata (5.4) 


3-2 


12.9 


II. Decay. 


60 





20.1 


3.2 




12.9 




60 


15 




3.2 




12.9 




60 


30 




3.2 




12.9 




60 


60 




♦2.8 




(4.4) 




60 


120 




♦3.0 




10.3 




120 


120 




Strata (6.0) 


3.5 


(130) 


17.6 


120 


300 




t5.6 


3.0 


71.8 


10.3 






III. Decay. Larger 


dp. 






60 





24.8 


5.5 




87.6 




60 


60 




3.1 




14.6 




60 







4-5 




48.0 




60 







4.5 




48.0 




60 


60 




2.6 




9.2 




60 


60 





2.8 




II.O 




IV. Decay. 


120 


60 


24.8 


2.9 




II.8 




120 







t5.o 




66.0 




^— ^--1 • 120 
tonea 





20. z 


t2.4 




5.1 





* Coronas distorted with much rain. Heavy fogs near bottom. Coronas more 
blurred and foggy as the time after exposure increases, 
t Corona after 5 minutes' waiting, round; not stratified, but blurred. 
X Bulb too weak for strata. Ionization density below entrance valve. 
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A comparison of the i -minute exposures in parts II and III is note- 
worthy (curve 51). The high-pressure difference in part III (ip = 25) 
catches over four times as many nuclei as the low-pressure difference 
(S/ = 20), cat. par,^ but the excess vanishes at once to the value of 
those within the reach of ^p = 20 cm. Hence evanescent and persist- 
ent nuclei are always present together. 

49. Persistence of fleeting nuclei after solution.— A result occurring 
throughout the observations is the following: Whether the nuclei are 
fleeting in character or not, there is invariably a second strong corona. 
This is obtainable on the succeeding exhaustion without fresh nuclea- 
tion, even if the fog particles of the first corona are allowed to com- 
pletely subside, before the addition of the dust-free air prior to the 
second exhaustion. If there were no first exhaustion during the 
exposure of the fog chamber to the radiation, no nucleation would 
have been found after the lapse of time needed preparatory to the 
second exhaustion. The reevaporation of fog particles from the first 
exhaustion, in every case changes about one-eighth of the fleeting nuclei 
into the stable nuclei observed in the second corona. This is obviously 
an important observation, bearing on the whole phenomenon of nuclei, 
condensation and rain. 

To investigate this case the data of table 37 were collected, in which, 
as soon as possible after first condensation, dust-free air is admitted 
into the fog chamber to dispel the fogs by evaporation. When this is 
done the coronas on second exhaustion are invariably larger and denser 
(curves 56, 57), showing that more nuclei have been preserved, t.^., 
converted from the fleeting into the stable form. The only effect 
producible by the premature influx is to diminish the number of fog 
particles lost by subsidence. It follows, then, that all nuclei upon 
which condensation has once taken place become stable nuclei. 

It is somewhat difficult to measure the first corona and at the same 
time to provide for a quick influx of air so that but little subsidence 
of fog particles may take place. The data of table 37, therefore, quite 
apart from periodicity and other difficulties, can not be expected to 
be very uniform. It was not thought necessary to prolong the interval 
of persistence (time from influx of air to second exhaustion) beyond 
a few minutes, for these suffice to indicate persistence. The table 
shows that from 25 to 50 per cent of the nuclei may be preserved 
indefinitely by reevaporating them from fog particles. The mean 
datum of all results apart from the time interval entering the test is 
actually 39 per cent. 
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Table 37. — Showing that fleeting nuclei become stable on solation. Rectangular 
wooden fog chamber in lead casket. d/= 25 cm. Exposure to X-rays, 3 sec. 
Distance of X-ray bulb, 200 cm. Mere rain denoted by r. 



Time elapsed 
after expos- 
ure to first 
exhaustion. 



Time elapsed 
from first ex- 
haustion to 
influx. 



Time elapsed 
from influx 
to second ex- 
haustion. 



^1. 



St- 



S3. 



MXio- 



A^gXio- 



Part I. 



Sec. 


Sec. 


Sec. 


















60 


4-7 


3.3 


*i.7 


56.0 


18.6 








60 




3.3 


1-7 


(49) 


18.6 








60 


(4.3) 


3.1 


r 


41.0 


14.6 








60 


3.8 


2.9 


r 


30.0 


11.8 


60 


60 


.... 


1.9 


r 


.... 


3.6 


.... 


60 


60 


.... 


1-7 


r 


.... 


3.0 


.... 








60 


4-4 


3.4 


r 


44.0 


20.4 








120 


3.8 


2.8 


r 


30.0 


10.4 








300 


4-7 


3-1 


r 


56.0 


14.6 



Part II. 









60 


4-3 


3.2 


r 


4T.0 


16.6 








60 


3.9 


2.9 


r 


31.2 


11.8 








60 


3-4 


2.6 


r 


20.4 


9.8 







Part 


III. 
















60 


4-5 


3.2 


r 


48.0 


16.6 








120 


3-7 


2.9 


.... 


27.6 


11.8 








60 


3.0 


2.5 





13.2 


8.0 








120 


4.7 


3.0 


r 


56.0 


13.2 



Part rV. Cylindrical glass fog chamber. ^/ = 22. Z> = 10 cm. 









120 


5.0 


2.9 


r 


66.0 


11.8 








60 


5-7 


3.4 


r 


96.4 


20.4 








180 


5.2 


3.0 


r 


74.4 


13.2 


60 


60 


.... 


2.0 


r 


.... 


3.8 


1.8 


120 


60 


.... 


I.O 


r 


.... 


1.8 


1.8 








300 


t6.7 


3.7 


r 


146.6 


27.6 



PartV. 









90 


5.0 


2.8 




58.4 


9.7 








60 


5.2 


3.2 


.... 


65.8 


14.7 








180 


5.0 


3.1 


.... 


58.4 


12.9 



* Representing about 3,000 nuclei due to nonenergized, dust-free air. 

t Persistence tested but not found (2-minute exposure, i-minute lapse, s = i.o). 
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The data of table 37 were at fitst obtained in the wooden fog chamber. 
It was thought advisable to repeat them with the cylindrical glass fog 
chamber, as this conld be kept rigorously free from leakage (curves 
58,59). The mean results show that about 20 per cent of the particles 
persist indefinitely. This datum, which in any case is an inferior 
limit, is smaller here, because the amount of subsidence is relatively 
greater in a more shallow vessel. Without condensation, /. ^., in the 
absence of solution, only 2 to 5 per cent of the nuclei persist after 
I minute. With solution, the decay is not appreciably different in i 
to 3 minutes, showing that long periods of persistence are in question. 



^ SkiiiM^di^AMm^ 



Mm 'itefld1lg-4- Sp-sis%i?r 










Figs. 56-62. — Illustrating tables 37, 38. 
Tab. 10 in the above chart ia replaced by the present table 37 ; Tab. 11. by the present table 38. 

50. Enlargement of nuclei in dost-free nonenergized air.— An exceed- 
ingly interesting correlative result is obtained by converting the nuclei 
of dust-free nonenergized air into solutional nuclei. Here the first 
exhaustion must necessarily be made at a pressure difference (say 



FBBSIST8NCB AFTBR SOLUTION. 



63 



8^= 23 cm. in the cylindrical apparatus) decidedly above the fog limit, 
so that a corona of appreciable size may appear. If this is dispelled 
on admission of filtered air by evaporation, the second corona may be 
obtained at a pressure difference (8/ = 21 cm. in the table) below the 
fog limit, showing that large nuclei have been produced by evapora- 
tion. In the data of table 38, or in curves 61 , 62, different intervals of 
waiting are tested, these intervals referring to the time elapsed (i to 
10 minutes) between the evaporation of the first corona and the con- 
densation of the second. After 3 minutes about 25 per cent of the 
nuclei persist and require smaller exhaustions to induce condensation 
than the original nuclei. After 10 minutes about 5 per cent are left 
(curve 60), though a greater number of observations are here desirable. 
It should be noticed that without the preliminary condensation no con- 
densation whatever would take place at the lower pressure difference. 

Tablb 38. — Persistence in solution. Air nuclei. Fog chamber glass cylinder. 



Time from first 


Time from in- 












exhaustion at 

*/ = 23.2, to 


flux to second 
exhaustion at 


*i. 


♦s,. 


ATi X io-». 


A't X io-». 


Ratio. 


iwflnT. 


«/ = 2I.4. 












Sec. 


Sec. 















60 


4-2 


2.8 


34 


9-4 


.28 





120 


4.9 


3.1 


58 


12.4 


.22 





60 


4.1 


2.6 


31 


7.8 


.25 


t6o 


30 


4.0 





29 


.0 





60 


30 


4.9 





58 


.0 








180 


4-2 


2.6 


34 


7.8 


•23 





600 


4-5 


1.3 


43 


2.2 


.05 



^ 58 = o always tested. 



f Sufficient for complete subsidence. 



5L Occurrence of water nncleL — An explanation of the phenomena 
of the preceding paragraphs is not far to seek. Clearly the ions or 
fleeting nuclei go into solution, and the result on reevaporation of the 
fog particles is a solutional or water nucleus. Such a nucleus is ob- 
viously larger than the original nucleus or ion which furnishes the 
solute. Hence the condensation in the succeeding exhaustion must 
first take place on these residual nuclei, and they are therefore apt to 
capture all the available water. What makes the water nucleus stable 
is either the solute, by which the vapor pressure is reduced on con- 
tinued evaporation to a degree eqtial to the excess of vapor pressure 
due to curvature, or possibly electrical potential may have a corre- 
sponding effect. 
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It is particularly interesting that if the nuclei or dust-free nonener- 
gized air become the solute of water nuclei, that the new nuclei require 
pressure differences much below the fog limit of the original air for 
condensation, and the solutional nuclei are stable. 

52. Cause of periodicity. — Very many of the occurrences which accom- 
pany condensation may be explained by the result just announced. 
In particular the alternations of large and small coronas {cf. Chapter II, 
sections 24, 27) so frequent throughout the present work are fully 
accounted for. The small fog particles, /. ^., those condensed on the 
smaller nuclei and caught near the end of the exhaustion, evaporate 
into the larger particles and become the water nuclei available in the 
next exhaustion.* Hence if the other condensation nuclei are all 
small, like those due to weak radiation or those normally present in 
air, the next condensation will take place on the water nuclei only. 
Thus a small inferior corona follows the large superior corona of the 
primary exhaustion. In the next exhaustion water nuclei will be 
absent, relatively speaking, and the condensation now occurs on all 
the small nuclei available for producing a large superior corona ; and 
so on in succession. In general there are thus three groups of nuclei, 
Xy y, 2, concerned in any given condensation — a group, x, of water 
nuclei from the preceding exhaustion ; a group, y, of nuclei belonging 
to the condensation in question and corresponding to the observed 
superior coronas ; a group, ^, of nuclei belonging to the same conden- 
sation, but which will evaporate their water and make the water nuclei 
for the next condensation. In case of periodicity the successive 
exhaustions would run, 

Superior corona on yi. 
Inferior corona on %%, 
Superior corona on yf\-yi. 
Inferior corona on x^, 
Superior corona on yi-\-y^ 

etc. If the nuclei are fleeting the superior corona of the »-th exhaus- 
tion is condensed on^n only, and under these circumstances,>'n+'8^ni the 
total nucleation may often be replaced by x^-^y^, or the total nudea- 
tion is the sum of the values belonging to the superior and inferior 
coronas. In this way the analysis of Chapter II, sections 28, 29, admits 
of easy interpretation. 

53. Rain. — In any exhaustion the group Zn^x^Jti ai'e accountable 
for the rain which almost always accompanies coronal display. In 
such cases the water nuclei are comparable in smallness with the other 
nuclei, and the former are not able to capture all the available water. 

* Incidentally the medium is kept saturated while temperature rises after exhanstioii. 



I. 


y\ '\ 


2. 


Xi = Zi z%=o 


3- 


a?, = ^, = o; Vt+>^ ^8 


4- 


Xi=Z^ Zi^O 


5. 


^5 = ^4 = 0; yi-{-yh zh 
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In the above charts, Tath j? la tie}>laced 
by the pFocut Uble 39; Tab. 13, by the 
prcKQt Ubte 40; Tab. 14 ^ by the pt»eot 
table 41, 

Figs. 63-^. — Illustxating tables 39, 40, 41. 

54. Persistent nuclei In sreneraL — It is not improbable that persist- 
ency may generally be due to some cause favorable to the production 
of water nuclei.* Those heavy rains, for instance, which accompany 
the X-ray corona when the bulb is close to the fog chamber may be 
due to the fact that condensation occurs spontaneously iviihaut the 
need of supersaturation, if an exposure to very intense X-light is in 
question. The nuclei in the X-field behave like hygroscopic bodies. 



*For more detailed statements see my investigation on the "Stmctore of the 
Nucleus," Smithsonian Contributions, No. 1373, 1903. 
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Table 39. — Fog limits of fleeting nuclei. Cylindrical fog chamber, without casket. 

^8 = o, but tested. 



Exposure to — 


Distance. 


«/. 


S\, 


s'x. 


A^iXio-». 


A^^iXio-». 






cm. 
















50 


21.4 


2.7 


2.7 


8.7 


8.7 






.... 


20.5 


.0 


I.O 


.0 


1.4 






25 


20.5 


2.0 


2.0 


3.0 


30 


I. 


Radium in aluminum . . < 




19.7 


.0 


.... 


.0 











20.5 


2.8 


2.5 


8.8 


6.4 






.... 


19.7 


.0 


.0 


.0 


.0 




^ 


.... 


21.4 


3.9 


4.0 


25.2 


27.2 




' 


200 


21.4 


3.4 


.... 


17.1 


.... 






.... 


20.5 


1-4 


.... 


2.1 


.... 






50 


20.5 


3.4 


2.9 


16.3 


9.4 






.... 


19.7 


.0 


.0 


.0 


.0 


IT. 


X-rays - 


10 


20.5 


4-2 


3.7 


30.4 


22.1 






.... 


19.7 


.0 


.0 


.0 


.0 






5 


20.5 


4-3 




32.8 


.... 






.... 


19.7 


r 


.0 


1-4 


.... 






.... 


20.5 


3.0 




10.6 


.... 




^ 





21.4 


5.3 





66.3 






Table 40. — Fog limits of persistent nuclei 


Bulb above. 


Exposure to — 


Height 
of bulb. 


«/. 


Sx, 


51. 


Nx. 


A^i. 


Remarks. 




cm. 
















•5 


18.0 


(*) 


3.1 


(83) 


10.2 


Radiation through 




.5 


18.0 


t(8.6) 


3-5 


(118) 


15.8- 


earthed aluminum 


III. X-rays, 3«».. 


2.0 


18.0 


t(6.i) 


3.2 


(78) 


11.6 


plate. 
Do. 




5.0 


18.0 


*3.6 


2.2 


17-5 


3.5 


Do. 




lO.O 


18.0 


r 


.0 


1.4 


.... 


Do. 




3.0 


18.0 


t2.4 


.... 


4.6 


.... 


Do. 


r 


•5 


18.0 





.... 


.0 


.0 


Exposure, i min. 


IV. X-rays \ 


•5 


19.7 


^3.8 


r 


22.2 


1.5 


Do. 


^ 


•5 


19.7 


♦5.8 


2.0 


17.2 


2.9 


Exposure, 2 min. 



* Oblong corona. 

t Spindle or gourd-shaped corona. 



X After this, bulb ( ?) ceases to be efficient. 



Radium, 



X-rays, 



cm, cm, 

D = so Foglimit=2o.4 S AT/S {6 Jt) -. 

25 (20.3) 

o 20.1 

200 20.3 

50 (20.1) 

10 (19-7) 

5 19-6 



-9X 


ro-«. 


A^(at«/= 


21)= 


= 5Xio-». 


(14) 








10 


20 








18 


16 








10 


(24) 








22 


(33) 








44 


(36) 








52 



SS. Gradation of size of fleetlnf nuclei— Fof limits.— The preceding 
observations, as well as the work of Chapter II, section 34, figtire 34, 
^ake it probable that the fog limit varies slowly but definitely with 
*« density of the ionization, while the rate, 8 A^J (8^), or slope of the 
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corves, i, e.^ the increment of nucleation per centimeter of pressure 
difference, increases very rapidly. It makes little difference how 
the ionization is produced, whether by instantaneous exposure to the 
X-rajTS or to other radiation. In fact, the curves become nearly ver- 
tical in relative steepness. Additional experiments are nevertheless 
needed, and table 39 contains such results. In the first part radium 
(io,oooX) in the thin aluminum tube is the energizer; in the second 
part, the X-rays perform a similar function more strongly. The results 
may be summarized in curves 63, 64, 65, 66, and as follows: 

Both series are in general agreement and indicate the extremely slow 
depression of the fog limit (indicating the nuclei of maximum size) 
with the increase of number, ^Njh (8/) (fig. 65). In fact, the method 
for measuring hp is rather too crude to bring out the fog limits prop- 
erly. They may be found from two consecutive measurements of N 
for two values of 8/ close together and near the fog limit. Figures 
65 and 66 contain a comparison between the fog limits, S/oi ^i^d 
8A78(8/), as well as iV for 8^ = 21 cm., below the fog limit of dust-free 
air. They show the accentuated variation of the nucleations ; but 
they announce also the decided variation of the fog limits for the case 
of fleeting nuclei, /. ^., that the maximum size of nucleus is a variable 
quantity among the gradations. 

The last part of the table shows data for the persistent nuclei 
(curves 67). These were produced here by placing the bulb above 
one end of the cylindrical fog chamber, for the glass at the bottom 
was too thick to admit a sufficiently intense radiation. The inevitable 
difficulty in the investigation of these results is the weakening of the 
X-ray bulb in continued use. In a measure, this is a proof that elec- 
trical resonance or any more direct induction is not operative, for 
these effects would not vary with the past history of the bulb. Never- 
theless, to avoid the possibility of such disturbances an earthed sheet of 
aluminum was adjusted to cover the top of the fog chamber. Experi- 
ments showed that all these precautions are unessential. 

The curves (67) show the rapid decrease of the number of persistent 
nuclei with the height of the bulb (measured from the outside) above 
the cylindrical glass chamber (walls 0.3 cm. thick). They also show 
the extremely rapid increase of the nucleation with the time of expos- 
tire, suggesting radio-activity on the part of the nuclei as stated in 
section 56. 

In table 41 the endeavor was made to determine the fog limit from 
two observations of N lying slightly above it. The work was very 
carefully done, but the data nevertheless fail to mark out definite loci. 
Beginning with the coronas for nonenergized air* (radium at infinity), 

* The curve for air in case of high pressure differences is very difi&cult to deter- 
mine, and will again be treated elsewhere. 



68 NUCLEATION OP TUB UNOONTAMINATBD ATMOSPHBRB. 



which are always blurred and rainy, the probability of a curve doubly 
inflected near the fog limit is apparent, particularly if mean values be 
taken (curves 68). 

Radium at Z7 = 200 and at Z? = 100 cm. show data lying very nearly 
in this curve, but the last observations of the series prove that the fog 
limit is nevertheless definitely lower, or that the largest groups of 
nuclei are appreciably larger than the largest nuclei in dust-free non- 
energized air. 

Table 41. — Fog limits of fleeting nuclei. Cylindrical fog chamber. 5t = o, tested 



Exposure to — 



I. Air. 



II. Radium in aluminum tube 



III. X-rays. • 



IV. 



Dbtance. 



200 
100 



50 

10 



*o 
t(Top) 



200 



50 



«/. 



24.8 
23.2 
22.3 

2T.4 

23.2 
22.3 
22.3 
23.2 
23.2 
21.4 
21.4 
23.2 
23.2 
21.4 
21.4 
23.2 
23.2 
21.4 
21.4 
21.4 

19.7 
20.5 
21.4 

23.2 

19.7 
20.5 
21.4 



51. 



4.2 

2-3 
.0 

3-5 
2.2 
2.6 
3-4 
3.4 
2.7 
2.9 
4.0 
4.0 
2.8 
3.1 
5-1 
4.8 
3.6 
1.8 



1.2 
3-1 
4-2 
4.0 
5.5 

2.1 
3-0 
5-3 



s^i. 



4-3 

3.6 

2.5 

•5 

3.7 

2.5 
3-5 
3.6 

2.7 
2.8 

3.9 
4.0 

3-1 
3-4 
4-5 
4.9 
t3.6 
1.8 
•5 



4.8 
4.0 
5.7 

1-7 
3.5 
4-7 



A^iXio-- 



37.4 

253 

4-7 

.0 

20.6 

4-4 

8.1 

18.7 

18.7 

8.7 

9.9 

29.7 

29.6 

9.2 

13. 1 
63.7 

54-9 
21.0 

2.7 
.0 

1-7 
11.7 
31.9 
27.2 
80.1 

3-4 
10.5 
66.4 



A^iXio-^ 



40.4 

22.9 

7.0 

.8 

253 



7-5 
22.5 
22.9 
8.4 
9.4 
28.3 
29.6 
13.1 
17. 1 

43-9 

56.7 

21.0 

2.7 

.8 



50.4 
27.2 

88.2 

2-4 

18.1 
47.0 



* Radium 15 cm. from line of sight. 

f Radium 5 cm. from line of sight. 

X Growth from 5 = 3.3 to 5 = 3.8; radium 5 cm. from line of sight. 

Radium at Z7== 10 and at Z7 = 25 cm. form a similar group with an 
obviously much lower fog limit, and the case is accentuated for radium 
at Z? — o cm. from the end, or 15 cm. and 5 cm. (on top) from the line 
of sight. At this point the data for the X-rays with the anticathode at 
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distances Z>= 10 to 26 cm. form a prolongation of the series, showing 
fitrther reduced fog limits and the probability of a doubly inflected 
curve of the same type throughout. 

As a whole theiie observations corroborate what has already been 
inferred, that nuclei of all sizes are present simultaneously ; that by 
far the greater number have a size depending on the density of the 
ionized field by which they are produced. These nuclei correspond 
to the steeper ascent of the curves. With this given, the exception- 
ally large nuclei at the lower end of the curve and the exceptionally 
small nuclei at the upper end bring about the double inflection, since 
the numbers of each gradually vanish. The more intense the ioniza- 
tion, the more nearly are the nuclei of the same size, while for weak 
ionization the gradation shown by the flat curves is accentuated. 

56. Secondary generatioiL — in table 42 the endeavor was made to com- 
pare the eflFects of the X-ray bulb acting to produce persistent nuclei 
from different distances from the end of the fog chamber. Unfortu- 
nately dense stratified fogs occur in the first exhaustion, which makes 
it necessary to use the second exhaustion for the same nucleation as 
a means of measurement. The pressure difference 3^ = 20 cm. is 
below the fog limit, when air is not energized. 

The first two parts of the table show the rapid decrease of N with 
increasing D; but it is particularly remarkable that after the lapse of 
2 minutes subsequently to the exposure, the nucleation (ogL par.) 
has apparently increased (curves 74, 76), precisely as if there were 
induced radio-activity in the nuclei, or in the apparatus, after the 
X-radiation has been cut off. The incessant danger from undersatu- 
ration is probably ineffective in view of the low-pressure difference. 
It follows, then, that the decaying nucleus is radio-active (for which 
reason probably the fleeting nuclei, though instantly generated, do 
not decay at the same enormous rates), or that the larger nuclei break 
up into smaller nuclei (increasing their number about threefold on the 
average), or that small nuclei beyond the range of the exhaustion 
gradually grow to a larger size. 

Special experiments to bring out this feature of secondary genera- 
tion were made in table 42 and in the third, fourth, and fifth parts of 
table 43. The phenomenon is put in evidence strongly on all cases, 
but with an additional result, showing a tendency in the alternations 
to disappear after several repetitions (curves 72, 73). The fifth part of 
table 43 shows the occurrence of secondary generation even for dis- 
tances of 20 cm. between the anticathode and the fog chamber. The 
last datum is an indication of the growth of fog particles in the lapse 
of time (curve 75). In the fourth part of table 43 (curve 72) the alter- 
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oatiofis are a maxisnim. while the tiixie elapsed after the exposure 
(4 minmes) is longest. The amplitiide of the alternations is in all 
cases initially about 2.5 : i, bnt it mnst be remembered that the 
coronas are obsenred after the second exhanstions. The nndei canght 
in the first exhanstions mar be estimated at 50,000 to 100,000. 

Tamlm 42. — Secjood^Tj ceoezatkxi. 



Time of Tisie after 
Psfl. !*^« D« expossre. exposure:. S|. 

i <RaTsoii.t (RaTSoCt 



IL 



IIL 



Mim, 
o 

2 
o 

•2 

2 
O 

o 

2 

o 

I 
I 
o 

I 
o 



Straua. 



^o 
Spindle 4.8 

3-7 

3-9 
♦-3 



.V| • io~*. -VtXio"'. 



i-4 

3-4 
^5 
^5 
3-1 
2.1 
2.2 
3.0 



2,8 I 

2,3 I 

2-4 1 

2.1 



32.4 
60.0 
64.0 
27.6 

32.0 
41.0 



5-1 

15.8 

6,2 

6.2 

"3 

3.4 

3-9 

10.5 



♦Fails. 

Tablb 43.— Condniiation of the preceding. Secondary generation. A distance of 
X-ray plate (anticatbode) of bolb from end of fog chamber. 



Time of 
exposore. 
(Rays on.) 



Time after 
exposure. 
(Rays off.) 



9p, 



Si. 



5». 



A^iXio-*. 



iViXio- 



Part I. Effect of distance. 



cm. 
















5 


120 





20.1 


Strata. 


3-7 


.... 


21.5 


10 


120 





.... 


«• 


1.9 


.... 


2.8 


20 


120 







Fog. 


•5 


.... 


.6 



Part II. Secondary generation. 



5 


120 


120 


20.1 


Dense strata. 


5-2 




58.0 


xo 


120 


120 


.... 


Strata. 


2.8 


.... 


8.5 


20 


120 


120 


.... 


I.O 


.... 


.... 


(1.0) 
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Tabls 43, continned. — Continuation of the preceding. 



Time of 
exposure. 
(Rays on.) 



Time after 
exposure. 
(Rays ofif.) 



9p. 



su 



MXio- 



A^,Xio-». 



Part III. Secondary generation. 



5 


120 


120 


20.1 


Strata. 


4.2 


.... 


30.0 


5 


.... 





.... 


** 


3.2 


.... 


12.9 


5 


.... 


120 


.... 




4.4 


.... 


34-3 


5 













4.2 


.... 


30-0 









Part IV. 








5 


120 





20.1 


Strata. 


3.6 




19.5 




.... 


240 


.... 


(( 


5.0 




51.5 


.... 


.... 





.... 


" 


3.6 




19.5 


.... 


.... 


240 


.... 




4-3 




32-0 











.... 




4.0 




25.0 



PartV. 



20 


120 





20.1 


Veil. 


.... 


Veil .0 


.... 


• • . ■ 


.... 


120 


.... 


2.9 


.... 


9.2 


.... 


— 


240 





— 


3.5 





17.6 






In the first part of table 42 the alternations are promiscuous, but 
they fail but once in 8 observations (curve 71 ; failure at*). In the 
second part, where the coronas are nearly measurable, there is no 
fiedlure (curve 70). The third part shows that exposures of i minute 
are not sufficient to bring out the phenomenon. 



NUCLEATION DUE TO RAYS PENETRATING FROM A DISTANCE OR 
THROUGH DENSE MEDIA. 

57. Effect Of distance of the X-ray bulb from the free wooden tog 
chamber. — ^The probability of a residual eflFect in case where the X-ray 
bulb is moved to a considerable distance from the fog chamber is sug- 
gested by many of the above results. It is worked out in detail in 
table 44, where the condensations described were all made at the press- 
ure diflFerence corresponding to the fog limit of dust-free nonenergized 
air, and without cutting oflF the radiations. There is thus no decay. 
Nevertheless, the results are, as usual, disappointingly irregular, the 
first datum of each pair of results being low, the second high. Perio- 
dicity therefore occurs in spite of the wet-sponge tube added to the 
filter. The observed variation of results is moreover impossible in 
relation to distance, even though the data for inferior and superior 
coronas are apparently consistent in both outgoing curves. Again, in 



72 NUCLEATION OF THE UNCONTAMINATED ATMOSPHERE. 



the return series inferior, superior, and mean coronas occnr together. 
It would be difficult to conjecture any reason for the apparent mini- 
mum at D-'So cm. and the apparent maximum at /7= 200 cm., and 
they will presently be shown to be referable to the bulb. In any case, 
however, the mean decrement of nucleation within 6 meters is certainly 
less than one-fourth, evidencing an astonishingly small distance effect. 

Taiile 44.— Nucleating effect of X-radiation from different distances ; '/ = 25 cm. 
Time of exposure, i min., prolongciid through condensation. 



'art 


1). 


.V|. 


At. 


J. 


5 


•m 


2-5 




5'> 


2.0 


'.3 




5'> 


4'« 


2.0 




IfK) 


J-4 


2.0 




KM) 


4.1 


2.0 




'HH) 


44 


I.Q 




2<Ht 


4-y 


2.0 




4rK) 


:$ .5 


r.K 




4«K> 


4.4 


2.r 




6<K» 


4.0 


1.6 




Chh* 


.4 


'•5 




4.K> 


A'.\ 


2.0 




2(Xi 


4.9 


2.0 




HX) 


4.5 


2.0 




5« 


.5.7 


'3 




5 


4.0 


'.7 




20(l 


4.3 


2.0 



yViXia-'. 


ATjXiO-'. 


Part, 


D. 
600 


*i. 


*i* 


MX10-*. 


AiXfo^. 


G9,fi 


8.0 


IL 


54 


r 


834 


. . ^ ■ 


3*» 


2.4 




200 


54 


r 


8J.4 






38.0 


3.a 




G 


5^5 


r 


87.6 






2n,4 


3-8 




+6 


^7 


. , . . 


lO.O 






35*" 


3.S 


in. 


600 


5-3 


(t> 


79.0 


... 




41,0 


3*G 




zoo 


5-3 


. . . . 


79.0 






54, H 


S^a 




G 


5'3 


. . , . 


79,0 






iH.ri 


3,2 


IV. 


600 


5-3 


(» 


87.6 






GfJ.o 


4<4 




200 


S.6 




92.0 






34.4 


J.O 




6 


5-6 


, . - . 


i ga^o 






ii.o 


2.8 


V. 


G 


a.3 


3-1 


113-0 


14.6 


41*0 


3*8 




SO 


4*9 


(t) 


64,0 


... 




64.H 


3.M 




50 


4.9 


. . . . 


64.0 






iH,f> 


3*H 




6 


5-^ 


. . . . 


74-4 






^7-«5 


2,4 




6 


5,2 


, . . . 


74-4 






33^4 


3*» 1 




50 


6.0 


. . ^ » 


tt2*4 


• • . 




41.0 


3*H 




5C» 


5-4 


' ' ■ " 


B3-4 


*■ * ' ' 



* 7 cells in remaining experiments. 
1 1 minute after exposure. 



t Taken bnt not recorded. 



To guard against variations of the tube, the abbreviated series were 
made as given in the second, third, and fourth parts of the table (upper 
curves 69); and these show what was to be expected from the prelimi- 
nary results, that within the 6 meters of observation about the same 
nucleation is produced in the fog chamber (or/, par,) irrespective of 
distance. Finally, part V of the table proves that the apparent mini- 
mum at Z?= 50 cm. is an error. 

The absence of a distance effect in the case of the nonincased 
wooden fog chamber is astonishing and implies that the space within 
the 6 meters of observation is everywhere equally full of the nucleus- 
producing radiation. This behavior, moreover, is different from the 
fluorescent, photographic, or even the electrical effect of the X-rays. 
Thus the phosphorescent screen is intensely illuminated at Z?=5 cm., 
while at 2 meters it is very dim and at 6 meters quite dark. It is nat- 
ural to infer that the constancy of radiation is due to atomic disinte- 
gration of the platinum anticathode, when bombarded by the cathode 
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torrent, and that the issuing rays are akin to the gamma rays of radium 
and quite distinct from the undulatory phenomenon of X-radiation. 
In fiict, each part of the medium within the radius of 6 meters behaves 
as if it were the source of such rays. 




Figs. 69-78.— Illustrating tables 43, 44, 45, 49, 50, 53, 54. 

58. Generation and decay for radiation from D=200 cm.— Before 
proceeding with the investigation it will be advisable to examine the 
generation and decay of nuclei when the radiation comes from long 
distances. The data of table 45 are of the kind to be anticipated from 
the results of section 17. The experiments were made at the fog 
limit of dust-free air. The first part of the table shows that exposures 
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of I and 2 minutes produce about the same nucleation, which vanishes 
with the lapse of i or 2 minutes after exposure to negligible residues. 
In the second part of the table the radiation is stronger and maximum 
nucleation appears after 3 seconds of exposure, so that the nucleation 
is produced instantaneously. Initial nucleations obtained {pai. par.) 
in air which has been long stagnant are apt to be very low. The 
mean nucleation after less than 3 seconds* exposure is about 90,000 
per cubic centimeter. 

The effect of longer exposures is again investigated in the third part 
of the table, but the possibility of a slight increase of the nucleation 
in the lapse of time is negatived by the last observation. The fourth 
part also shows that fog limit to be at 8^ == 20 cm., and that there is 
no accumulation of nuclei as time goes on. There is no appreciable 
persistence. 

Tablb 45. — Generation and decay of nuclei. D = 200. 9p = 25 cm. Wood fog 

chamber. 









Time of 


Time after 










Part. 


«/. 


D. 


exposure. 
(Rays on.) 


exposure. 
(Raysofif.) 


^1. 


s%. 


MXio-«. 


;^iXio-». 








Min. 


Min. 










I. 


25 


200 


I 





4.2 


1.7 


38.0 


3.0 








I 


I 


2.6 


r 


9.2 


r 




25 


200 


2 





3.7 


1.7 


27.6 


3.0 








2 


2 


1.8 


I.O 


3.2 


2.0 








Sec. 












II. 


25 


200 


60 





»3.6 


1-7 


25.0 


3.0 








5 





6.1 


2.4 


115.0 


6.6 








3 





x5-3 




79.0 


.... 








3 





t4.3 


.... 


41.0 


.... 








3 





5.9 


2.2 


108.0 


5.0 








3 





.5-7 


2.0 


96.4 


3.8 








3 





»3.6 


.... 


25.0 


.... 








3 





5.6 


2.8 


92.0 


10.4 








3 





5.7 


2.7 


96.4 


10.4 


III. 


25 


200 


10 





4.9 


.... 


63.0 


.... 








10 





4.2 


.... 


38.0 


.... 








30 





5-2 


.... 


74.4 


.... 








30 





5.2 


.... 


74-4 


.... 








60 





5-3 


.... 


79.0 


.... 








60 





5-4 


2.6 


83.4 


9.2 








3 





5.1 





69.6 


.... 


IV. 


20 


200 


3 





r 


r 


r 


r 








30 





1-7 


.... 


2.6 


.... 








60 





1-7 


.... 


2.6 


.... 








120 





1.7 


r 


2.6 


r 



* After long waiting. Stagnant air. f Follows preceding high nucleation. 

As a whole the observations for D = 200 are irregular, for the ustial 
reasons instanced above. 
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S9. Electrical effect for different distances.— To roughly estimate the 
state of the room in relation to the ionizing effects of the X-rays, the 
time of collapse of the gold leaves was taken, when the galvanoscope 
standing on an earthed brass plate was covered with a glass bell jar. 
Table 46 needs no explanation. In the second part of the table the 
time of collapse decreases about as the square of the distance and is 
thus qnite different from the fog-chamber effect. At short distances 
the galvanoscope registers a sudden throw when the circuit through 
the X-ray tube is first made. The effect of this throw is the same as 
if negative electricity entered the metal frame of the electroscope, and 
it is therefore probably electrostatic induction on the brass foot plate 
coming from the cathodal conductor. 

Tablb 46. — Electrical efifects of X-mjs. Galvanoscope in glass bell jar, walls 0.5 cm. 

thick. 



D. 



CM* 
200 



15 

100 

200 

600 



Remarks. 



Without screen* 

With lead plate 0.14 cm. thick 

With semicylindrical lead screen and semicircular lid ■ 

With glass bell jar on brass plate. 

With wide (7 mm. thick) glass plate 



-|- charge : impulsively increased divergence ; then collapse, 
computed 

— charge : impulsively decreased divergence ; then collapse, 

computed 0.2 sec. 

+ charge*) ^ 

— charge ) 

+ c5a^e\ 8 

— charge J 

-f- charge) 

— charge ) 

-f charge) 

— charge ) 



30 
270 



Time of 
collapse. 



Sec, 

<5 

10- 15 
30-40 
> 120 

30 
Observed. 

Instantaneous. 

<i 

3- 4 

8-10 

25-30 

Say 300 



* Positive and negative charges behave alike. 

60. Apparent penetration of the X-rays coming from 600 cm.— The 
astonishingly small distance effect observed made it seem probable 
that the effective rays are of a penetrating kind. Table 47 (to be inter- 
preted later) apparently bears this out, though in reality it merely 
separates the axial and lateral radiations. Advantage is taken of the 
sufficiency of short exposures whereby the tube is kept more constant. 
The apparatus is shown in figure 41, where A is the fog chamber and 
P the plates. 

To take first the experiments in table 47, when the distance between 
the lead screen at the fog chamber and the X-ray bulb is D = 600 cm. , 
which are smoothest (curve 79), it appears that a single lead plate o. 14 
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cm. in thickness is more than sufficient to reduce the nndeAtion one- 
half. Thereafter the remaining thicknesses np to i cm. or more does 
cot reduce it farther. A close comparison is given at the end of the 
work, in which .V= 76.0C0 ialls off to A'=^,ooo far 6 plates, or a 
thickness of abont o.$4 cm. tcnrre Si). 

An interesting comparison is given far the efficiency of the X-ray 
tnbe radiating from this distance either from the front frice of the anti- 
cathode or from the rear face of the anticathode, the tnbe in the latter 
case being completely reversed < curve So). The mean results are 
respectively ^'=42.500 and .V= 54.600, showing the anticathode to 
behave as if it were transparent or at least radiating frx>m both 
faces in all directions. Indeed, even if the anode and the cathode are 
exchanged (reversed current), considerable radiation is sent out; as, 

for instance. 

Concave mirror the cathode, .V = 47,000. 
Concave n;inx)r the anode. .V= 7,000. 

or about 16 per cent of the nucleation has been retained (curve 80). 
The coronas obtained when lead screens are used in front of the fog 
chamber are clear and often multi-annular, showing the nuclei to be 
very nearly of a size. 



f J 1 I 1 






M^^ 




"XJ^ 



7a 






asA^ 



SLt^^daH, 







-^ 1 19 tl W ^fr 

FiGs. 79-82. — lilustrating table 47. 
In the AboTC chart Tab. ao — prnent Uble 47. 
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Table 47. — Ptoetration of ny and reversal of tnbe; 9^ = 25 cm. Exposure aboot 
3 tec. prior to condensation without cutting ofif the radiation; air, 5= 1.2; wood 
fog chamber not cased (fig. 41). 



Part. 


D. 


Si. 


5t. 


MXio-». 


A^iXio-«. 


Remarks on penetration. 


L 


200 


5-4 
5-4 


3.2 


83.4 
83.4 


16.6 


Screens removed. 

Tin plate, 0.50 mm. thick. 






4-3 


'(*V 


41.0 




Lead plate, 1.4 mm. thick. 






4.5 


.... 


48.0 




Lead plate, 2.8 mm. thick. 






4.5 


.... 


e 




Lead plate, 2.8 mm. thick. 






5.4 


— 




Screen removed. 


UK 


600 


5-2 


.... 


74.4 




Do. 






3-9 


r 


31.0 




Lead plate. 2.8 mm. thick. 




600 


4*2 


r 


38.0 




Screen removed. Tube reversed. 






4-3 


r 


41.0 




Screen removed. Tube directed. 






3*9 


r 


31.2 




Screen removed. Tube reversed. 






4*4 


r 


44.0 




Screen removed. Tube directed. 




600 


2.6 


.... 


9.2 




Anodal rays. 






2.2 





5.0 




Do. 


U. 


600 


4.2 

5.0 

t3.7 

§3.7 
3.7 


r 


t38.o 
67.0 
27.6 
27.6 
28.0 
27.6 




olead plate, 1.4 mm. thick. 
Do. 

1 do., thickness, 1.4 mm. 
Do. 

2 do., total thickness, 2.8 mm. 
Do. 






4.0 


.... 


32.4 




4 do., total thickness, 5.6 mm. 






3.8 


.... 


30.0 




Do. 






3.8 


.... 


30.0 




6 do., total thickness, 8.4 mm. 






3.7 


.... 


27.6 




Do. 






3-7 


.... 


28.0 




Do. 






4.0 




32.4 




8 do., total thickness, 1 1. 2 mm. 






3.8 




30.0 




Do. 






5.4 


I.O 


83.4 


'i.'8 


do. 






4.0 




32.0 




6 do. 






5.1 


1.5 


69.6 


2.8 


do. 


III. 


6 


5-4 


\r 


87.6 




plate. 




6 


5.3 




79.0 




I plate. 




6 


5.3 


'{2) 


79.0 




plate. 




6 


5.3 


(2) 


79.0 




I plate. 


IV. 


600 


^5-3 


(2) 


79.0 




I plate. 




600 


**4.o 


(2) 


79.0 




plate. 


V. 


200 


5-3 


(2) 


79.0 




plate. 




200 


5.3 


(2) 


32.4 




I plate. 




200 


4.5 


(2) 


48.0 




2 plates. 






4.3 


(2) 


41.0 




4 plates. 






4.4 


(2) 


44.0 




8 plates. 






5.1 


(2) 


69.6 




plate. 






5.2 


(2) 


74.4 , 




plate; i min. exposure; no growth. 



* Second exhaustion made, but not recorded. 

{Initial low datum. 
Galvanoscope discharged at 6 meters and through lead plate, but much more slowly 
than the instant collapse at 6 cm. 

g First plate filters out the axial rays. The remainder have no observable efifect, and 
are virtually transparent. Coronas clear and multi-annular apart from rain. 
f Second exhaustion necessary to avoid periodicity. 

** Note the reduction of N at 600 for i plate, which does not occur at Z> = 6 cm. 
and D = 200 cm. 
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Table 47, continned.— Penetration of rays and reversal of tube, etc 



Part. 


D. 


^1. 


St. 


A^iXio-*. 


A^fXio-«. 


Remarks on penetration. 


VI. 


7 


6.4 


2 


129.0 


.... 


plate. 






5-4 


2 


83.4 




I plate. 






5-3 


2 


81.2 




2 plates. 






5.9 




108.4 




plate. 






5.7 




96.4 




4 plates. 






4-9 




64.8 




7 plates. 






5.6 




92.0 




4 plates. 






4.9 




64.8 


.... 


plate. 


VII. 


200 


4-7 


(*) 


56.0 




plate, thickness, 0.0 cm. 






4-9 




64.0 




plate, thickness, 0.0 cm. 






4.4 




44.0 




I plate, thickness, 0.14 cm. 






4.1 




35-0 




I plate, thickness, 0.14 cm. 






5.6 




92.0 




plate, thickness, 0.0 cm. 






5-1 




69.6 




plate, thickness, 0.0 cm. 






4-5 




48.0 




I plate, thickness, 0.14 cm. 






4.7 




5C.0 




I plate, thickness, 0.14 cm. 






5-3 




81.2 




plate, thickness, 0.0 cm. 






4.2 




38.0 




7 plates, thickness, 0.98 cm. 






4-3 




41.0 




7 plates, thickness, 0.98 cm. 






4.2 




38.0 




12 plates, thickness, 1.68 cm. 






5.6 




92.0 




plate, thickness, 0.0 cm. 




600 


5.5 




87.6 




plate, thickness, 0.0 cm. 



* Taken, but not recorded. In the first two data the bulb is gaining strength. 

61. Apparent penetration of the X-rays comlns: from 200 cnL and from 

6 to 7 cnL — ^The results for /? = 200 cm. are similar to the preceding. 
It again takes less than one lead plate (thickness 0.14 cm.) to stop the 
absorbable rays (curve 82). There is no extra thickness of lead as 
an equivalent of the layer of 400 cm. of air removed. Again, about 
one-half of the radiation is stopped by the first plate and greater thick- 
nesses produce no further eflFect. At the end of the table a wall of 
lead 1.7 cm. thick shows no additional absorption. Moreover, tinned 
iron plate j4 mm. thick has no appreciable e£fect on the radiation 
whatever (curve 82). 

The first experiments for /? = 6 cm. show apparent previousness of 
the single lead plate (0.14 cm. thick); but this seems to be referable 
to the intensity of the initial radiation without the lead screen, for in 
the experiments at Z7 = 7 cm., a single plate shows marked reduction 
of the very large coronas observed. On the other hand, a plate even 
I cm. thick absorbs very little of the radiation, for, roughly, about 80 
per cent passes, in spite of the indefinite thickness of lead, between the 
bulb and the fog chamber, completely screening oflF the latter. The 
results throughout are curiously irregular and diflBcult to interpret, as 
seems not unexpected, since all secondary radiators must now be close 
at hand (curve 83). 
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Tablx 48.— Penetntioo 



; mwnribmeons ezperiments on case of lead plates : o. 14 cm. 
thick ; 1/ = 25 cm. Wood fog chamber. 



Part. 


D. 


Rays on. 


Rays off. 


Number 
of plates. 


Si. 


5t. 


\ViXxo-*. .V, 


^io-». 






Sec. 


Sec. 












I. 


7 


3 


60 





2.7 




10.4 


. . . . 






60 


60 





3-2 


.... 


16.6 









120 


60 





StraU (5.7) 


3.2 


96.0 


16.6 






120 








Fog {5.0) 


(2) 


6S.0 


. . . . 






120 


60 


I 


Veil 2.7 


1.4 


10.4 


2.6 






120 


60 


I 


Veil 3.0 


1-4 


13.2 


2.6 


II. 


7 


180 


60 


I 


Veil 3.0 




12.2 


.... 






120 


60 





Strau (4.8) 


3-4 


60.0 


20.4 








Case of tinned iron plate, 0. j 


mm thick. 




III. 


6 


3 








5.6 


.... 


92.0 








180 








Strau (6.8) 


3.1 


153.0 ''■ 








180 


120 





Strau (7.1) 


3-1 


170.0 








180 





I 


5.8 


2.3 


lOI.O 








180 


120 


I 


2.0 


r 


3.8 : 








3 








5.8 


(3) 


1 lOI.O 








3 


60 





2.7 


r 


i 10.4 




IV. 


♦6 


120 


60 


I 


2.9 


r 


I .1.8 


r 






120 








4.0 


2.8 


1 3*.4 

1 


10.4 



* Another bulb. 

m. Genentioii tbronsrli lead plate and tbrougli iron.— The data of 
table 48 show the tistial accelerated increase of the nucleation, A^, with 
the time of exposure, when nuclei of the persistent type are produced 
(curve 84). When, however, the lead screen (thickness 0.14 cm.) 
intervenes, there is no accelerated increase and no accumulation above 
a relatively small value, A^= 13,000. These nuclei may be a transi- 
tional type, but it is difficult to interpret the case of very small coronas. 
Another similar test was made with a screen of tinned sheet iron >^ 
mm. thick. The results are in the main the same ; in other words, 
marked persistent nucleation is not produced through the iron plate 
in spite of its slight thickness and lower density. Parallel observa- 
tions for 3 seconds' exposure show that about as many nuclei are thus 
generated as are obtained after a 3-minute exposure through the plate. 

On the other hand, for 3 minutes* exposure there is growth of nuclea- 
tion, if observation is made 2 minutes after exposure ; in the presence 
of the plate the nucleation falls off to a negligible datum in the same 
lapse of 2 minutes after exposure. The decrement in this case is of 
the same order as is observed for the short exposure (3 seconds) tested 
a minute after exposure ceases. The tise of another bulb with the 
plate does not change the results. 



>LvVF.*rXiy Off TEDE 



FOG CHAJIBEBS HKXOSED DC METAL CASKETS^ 



43^ WwitfiK^taJi>gMtaACMtel nillltlM— Intable49daU 
>f a 2r=ciil kind IT* e:T»:i xir i!ie j i Ljuae of sepsramii^ the radiation 
which icrTa'V roi&cs tbe l-eac screens from tiiit dsirvd &0111 second- 
^rr IT lireril 3.:-=rces. The frst rart ot tiEae table is at once decisive 
' I'ZTT*:^ 77 i. Less than 7 per ce=t of tibe radiatioa which passes the 
7i:*:«i iT'i glis5 vaZs of ihe rhirrber vill pass t hro u gh tiie front fsure 
: jTirl the bdr -. if th^ ace s closed by a lead plate 0-14 cm. thick. 
Vr-en the chinber ^ rreed rom the casket aad the plate placed at the 
brlb. ztorc :>»-^- half of the radfatica gets into the fog chamber sec- 
crzixrlj. as shown fs the second part of the taKe and cnnre 77. 



rtSLZ x>— W:of i:« rr.i'T-rr == 




cpQi a feoBt, »«axd the boIK 
pose. r.r4 est : of gbas pbie. 0.7 cm. 



Frzc; r< casksc, csc 



ss. A'xXio"*. -ViXio"^. 



^jzf^.. 'z,zl.'z 



H. 



HI. 



. . . io 



5-r 

5-c 

2.C 
2.2 

4-6 

5.0 



4-> 

4.0 

3-9 
3-7 



Cl-.-vtl V#- 1-sad plitc 

C -^-iVe: rtrr.oved 

L^ad plite a/ ^a3 

dr. 

do 

GLa.=%> pla:e 4-7 

^/p-^i 6.3 

do 5.2 

Cl'^^sed by lead plate 2.7 

d'y*^ by 2 lead plates 2.4 

''^ir/vid by 4 lead plates 2.3 

(lU^zd by o lead plate : 5.3 

<'' Josed by glass plate 4.9 

(IW/^A by tin plate 4.9 

I^?id plate at bulb 3.0 



1.7 
1-5 



1-7 

2.0 

1-7 
1-7 
1-7 
1.9 

^•4 

1-7 
2-7 
2.0 
2.6 
2.0 

1-7 

r 

2.4 



G9.6 
66lO 

3-S 

5.0 

51.6 

66.0 

II.O 

60.0 

5^4 
31.2 
27.6 
56.0 

123.0 

74-4 

10.0 

6.6 

5-4 
79.0 
63.0 
63.0 
13.2 



3-0 

2.S 

5-0 
5.0 

3.0 

5-4 
3.3 
3.0 
3-0 
3-0 
3.6 

6.6 
3.0 
10.0 
3.8 
9-» 
3.8 
3.0 
r 
6.6 



With an improved and more fully lead-incased chamber, the data 
^Mven in the third part of the table were investigated, in which sacces- 
sive thicknesses of 0.14, 0.28, 0.42 cm. of lead plate allow 14, 9, and 
7 T>' r tent of the radiation to pass (curve 78). The differences from 
tli«: above datum are due to the greater intensity of the radiation here 
applied and to other incidental conditions. Furthermore, a glass plate 
0.7 nn, thick, and a tinned iron plate 0.05 cm. thick, each allow nearly 
all the ra^liation to pass, t. e,, about 90 per cent, while a lead plate 
plar«:r| near the bulb at /? ^ 200 cm. cuts off about 17 per cent of the 
radiation fcurve'78). 
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Hence it follows in the above experiments with the lead envelope 
rem o ved, since one-half of the radiation was cut off by a single fh>ntal 
lead plate 0.14 cm. thick, that about half of the radiation enters the 
wooden fog chamber, not from primary, but from secondary sources 
(using this term in its broadest sense), through the lateral walls of the 
apparatus. When the chamber is inclosed in the lead case open in 
front, the inside walls of the lead become a source of radiation, so that 
the corona need not decrease in size, as the data show. In general, 
the behavior is such as if the whole medium between the bulb and 
chamber were equally "polarized" (to use this word with a special 
meaning). At the lower pressure difference (8^ = 20 cm.) the lead 
plate proves to be quite impervious, but the tin plate certainly admits 
an accumulation of 3,000 nuclei. 

64w Continaed— Radiation from a distance.— Experiments made to 
find the effect if the distance, D, of the bulb from the lead-incased 
fog chamber, open toward the bulb only, are given in table 50. 

Tablx 50. — ^Wood fog chamber in lead casket. Efifect of distance, D. 9/ = 25 cm. 
Exposure, 3 sec ; lapse, o sec. 



D. 


S\. 


A^iXio-«. 


Mean. 


CWl. 








600 


•4.0 


32.4 


38 


.... 


3.7 


27.6 


.... 


200 


4.9 


62.0 


50 


6 


4-3 


41.0 


50 


6 


4.8 


60.0 


.... 


200 


4-2 


38.0 


.... 


600 


4-4 


44.0 


.... 



*5) always taken, bnt not recorded. Usually 5fl = 1.5 cm. 

The bulb is as usual variable, but the nucleation produced is about 
the same for all distances up to 200 cm., after which there is a possible 
decrease of about one-fifth as far as 600 cm., the limit of observation 
(curves 69). This relatively insignificant effect of distance is again 
remarkable, inasmuch as all remote secondary radiation is excluded. 
Whatever produces the nucleation, if secondary, must come from the 
inside of the casket, or it must be primary. At all events it is again 
manifest that the whole medium within the room is almost equally 
energized throughout. 

Table 51 and curve 85 show the penetration of tinned iron plates, 
each 0.5 mm. in thickness, when the X-ray bulb is 600 cm. from the 
lead-cased fog chamber. Several millimeters of iron plate are still 
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appreciably penetrable even from this remote distance. So far as the 
data go the absorption is relatively marked between 0.5 and i mm. of 
thickness, the rates being much larger here than for greater or smaller 
thicknesses. 

Table 51. — Penetration of tinned iron plates, 0.05 cm. thick. Z?=6oo cm. 
9^=25 cm. Wood fog chamber in lead casket. 



Namber 
of plates. 


Total 
thickness. 


51. 


MXio-«. 


Mean. 




cm. 











0.00 


*4.o 


32-4 


32 


I 


05 


3.6 


25.0 


25 


2 


10 


2.2 


5.0 


8 


2 


10 


2.8 


II. 2 


.... 




20 


2.2 


5.0 


5 




20 


2.1 


4.4 


.... 




00 


3.9 


32.0 


36 




05 


3.7 


27.6 


28 




10 


2.8 


II. 2 


II 




20 


2.4 


6.6 


7 





00 


4.3 


41.0 






* Second exhaustion made, bnt not recorded. Usually 5t=i.o. 










Iku tt 45 60 .80 . «^ 



SaimM^,im.M:< 





Figs. 83-87. — Illustrating tables 47, 51, 53, 54. 
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Tablb 52. — ^Distance effect of X-rays. Glass fog chamber. S^=22 cm. (fog limit 
of air). No lead casket. Walls, 0.3 cm. Bottom i cm. thick. 



Distance. 


S|. 


si. 


A^iXio-*. 


A^tXio-». 


cm. 










200 


4.6 


♦1.6 


51.6 


3.0 




4-3 




41.0 


3.2 


10 


5.0 




67.0 


2.6 




5.0 




67.0 




600 


3.4 




20.4 






3.5 




22.6 




200 


3.7 


r 


27.6 






4.4 


r 


44.0 




10 


5-3 


r 


79.0 






5.0 


r 


67.0 





* Faint and small, dae to dnst-free air. 

Table 53. — Distance effect of X-rays. 9^=22 cm. Lead plate 0.14 cm. thick. 
s% = o, but always tested. 



Distance. 



Lead plates. 



MXio- 



Distance. 



Lead plates. 



si. 



MXio- 



Part I. Cylindrical fog chamber, without casket. 



200 


I 


3.2 


13.9 


200 





4-3 


34.4 







4.8 


50.4 


10 





5.0 


55-4 




♦0 


3.7 


23.2 


600 





3-3 


15.6 




z 


3.8 


25.2 







3.1 


12.2 



Part II. Cylindrical fog chamber, lead-cased, with tubular end of lead 50 cm. long. 

(Fig. 42.) 



50 





4.7 


47.0 


400 





3? 


19.0 




I 


1.8 


2.7 







3.6 


21.0 




I 


2.0 


3.2 


200 





3.8 


25.2 




2 


1.8 


2.7 







4.1 


29.4 







4.8 


50.0 


50 





5.0 


55-4 


200 





3.6 


21.0 







5.0 


56.3 







3.7 


23.2 


50 


I 


1.5 


2.3 


600 






3.0 
3-1 


II. I 
12.3 




I 


1-5 


2.3 



Part m. Lead-cased fog chamber as before. Penetration through tinned iron 

plates 0.05 cm. thick. 



Distance. 


Tin 
plates. 


^1. 


A'lXio-'. 


Per cent 
transmitted. 


50 


I 


3.8 


25.2 


46 




2 


3.7 


23.2 


42 




5 


2.5 


6.7 


12 




3 


3.2 


13.9 


25 




I 


. 4-7 
U.7 


47.0 
47.0 


[ 86 







5.0 


55.0 


100 



* Double glass envelope. 
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65. Glass fog chamber— Radiatton from a distance.— The experiments 
on the nucleation produced by X-rays coming from a distance were 
now continued by aid of the cylindrical fog chamber (glass walls 0.3 
mm. thick and i cm. thick at the bottom), the lead casket being here 
removed (curve 69). The data are given in table 52, and may be 
restated from the mean results, 



= + 30 cm. 


A'' =70,000, 


200 -f 30 


41,000, 


620 + 30 


22,000, 



where Nis measured from the line of sight, 30 cm. from the end of 
the fog chamber nearest the bulb. Very much of the lateral radia- 
tion is thus cut oiF by the thick glass walls and bottom of the fog 
chamber; but the decrements are far from suggesting the law of 
inverse squares even in a remote degree. As the distance from the 
line of sight increases over 20 times, A^ decreases only 3 times. 

The repetition of these experiments with a less active bulb gave 
about the same results (table 53). For distances from the line of sight, 
D=20, 210, 610, the average nucleation was A^= 55,000, 34,000, 
14,000. About one-half the total radiation is absorbed by a frontal 
lead plate, or a double glass envelope, as usual (curves 69). 

66. Radiatioii from a distance— Glass fo; chamber in lead case.— The 
endeavor was finally made to stop o£f all secondary radiation by pro- 
viding a close-fitting lead tube {L, fig. 42), which not only incased 
the fog chamber A, but extended about 50 cm. beyond the end 
nearest the bulb. If distances are measured from the line of sight, 
the mean results may be estimated as Z? = 6o, 210, 610 cm., corre- 
sponding to A^X 10"' = 52, 25, 12. The nucleation falls oflF a little 
more rapidly than before (a part of which may be referable to imper- 
fect alignment of the distant bulb), but after 200 cm. the decrease is 
slow (curves 69). 

In the present case a single lead plate (thickness, 0.14 cm.) cuts off 
nearly all the radiation, t. e., all but 4 to 6 per cent. Hence very 
little secondary radiation has entered, while the small penetration of 
the lead is probably referable to the distance of the plate from the end 
of the chamber (^. distance effect for gamma rays, next paragraph). 
Compared with lead, the absorption of tinned iron is small (curves 86), 
the plates (eventually 0.25 cm. thick) allowing 26 per cent of the radi- 
ation to pass for the same thickness of plate which was used in the 
case of lead. This result is quite out of proportion with the relative 
densities. 
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NUCLEATION DUE TO GAMMA RAYS. 

6r. Lead-cased wooden fog chamber— Penetratton.— in order to in- 
terpret the above data for X-rays, it will first be necessary to deter- 
mine the facility with which nuclei are produced by very penetrating 
radiation. The radiation of radium filtered through lead walls about 
I cm. thick was therefore tested. Table 54 gives a series of results in 
which the radium (io,oooX) was first tested when hermetically sealed 
in a thin aluminum tube and placed 6 to 10 cm. from the line of sight 
(curve 87). In this case the radiator nearly touched the free end of 
the lead-cased fog chamber A (fig. 43). The aluminum tube was then 
successively enveloped in one or more lead tubes, T, with wall 0.5 
cm. in thickness. The length of the tubes exceeded the width of the 
fog chamber, and they were placed with their axes parallel to the 
plane of the end, so that any radiation entering would have to pass 
through the lead ; or, passing out of the lead tube, enter the fog cham- 
ber laterally under very unfavorable conditions. Leaving the latter 
case (which is here negligible) for further experiment, table 54 gives 
the coronal apertures ^1, Jj, J5, etc., and nucleations Nu N^t N^t etc., 
found in successive exhaustions under the conditions stated. The 
figures show that periodicity is a frequent and unavoidable occurrence. 
Many exhaustions were therefore made in each case and the means 
taken in triads. These are given in detail in the summary' at the end 
of the table, and in the curve (87). Sometimes the particular adjust- 
ment of the tube (as, for instance, the position of the radium in the 
tube) seems to be of importance, for the results in any given position 
are fairly uniform. An additional lead plate is ineffective. The 
summary shows that of the radiation which escapes from the alumi- 
num tube, 85 per cent passes through 0.5 cm. of lead and 70 per cent 
through I cm. of lead, assuming that there is no secondary radiation. 
In one case (tube capped by a lead plate) nothing at all seems to enter 
the fog chamber. This suggested the following group of experiments, 
which show that zero nucleation may occur periodically under any 
conditions. 

68. ContiliaatioiL — The new results (table 54, part IV) show a curious 
irregularity, which is borne out by the behavior of radium when 
placed in the fog chamber (Chapter II, section 31). In the present 
case the tube was 60 cm. long (similar to P^ fig. 44), parallel to the 
plane of the end (about 20 cm. across) of the fog chamber and placed 
close to it. The data for the open and closed tube are about the 
same. In both cases the values of N at times descend to the low 
nucleations of nonenergized air, though as a whole they lie pro- 
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nouncedly above it. The lead tube without radium is inactive. 
Moreover, in the final part of the work all data are decidedly lower 
than at first, as if the energizing quality were fatigued. This occurs 
not only within tlie radium in lead tubes, sealed or not, but in the 
case where the radium is in the sealed aluminum tube only. The air 
values give evidence of an almost entire absence of nuclei. Reasons 
for this unsatisfactory behavior can not even be conjectured. The mean 
values given in thousands per cubic centimeter are : For air, N^ = 2.6; 
radium in open lead tube, A^= 22—12 ; radium in capped lead tube, 
iV=2i — 18; air, N=2,2; lead tube without radium, A^ = 2.4 ; radium 
in aluminum tube only, N= 10; radium in open lead tube, N=t\ 
radium in capped lead tube, N=^ ; air, A^=o, remembering that the 
radium is in all cases surrounded by the sealed thin aluminum tube. 

Apart from the fatigue it is clear that the open and capped tube 
behave alike, proving that the rays actually penetrate the walls and 
that secondary radiation is ineffective. This also follows from the 
next paragraph, as the distance eflfect of radium is marked. The 
amount of radiation passing 5 mm. of lead is here about 73 per cent, 
but the present result is not as good as the above. 

Tablb 54. — Penetration of 7-rays of radium. Bp = 25 cm. Lead-cased fog chamber. 
Radium in thin (0.1 mm.) aluminum tube, hermetically sealed. Walls of each lead 
tube 0.5 cm. thick. Plate, 0.14 cm. thick. Z? = 6-iocm. Lead tubes parallel 
to walls of chamber, 20 cm. long. 



Part, 



IL 



Remarks. 



Radium in Monlj.,,*, 

Radium in lead tube.. 

Radium with t plate 

and tube. H, .- 



Radiam in lead tabe.» 
Radium with reflector- 
Radium in lead tube.^^ 
Radium removed- * > — 

Radium removed.*^ 

Radium in A1 tube.,,.< 
Radium in lead tube... 

Radium in double lead 
tube ,..,... 



Radi um in double lead 

tube ,..,.».,. 

Radiam removed*. ,»,- 






^1* 



2.9 
33 

2,9 
t.o 

1.4 
I.S 



i.o 

T.6 



SI. 



3-2 

2.6 

2.9 

2.1 

1-5 

2.2 

2.8 
2*7 

1.9 



S,o 

1*0 



3-0 
3-0 

a.o 

1.0 

T.7 
2.0 

3.0 

2*9 



2.2 
1*7 



*i* 



A^iXicj-* JViXro-3 A^aXio 



Z.S 

2-5 
2.7 



«3 
2.0 

£-5 



3*3 

1*0 



11.8 
18.6 
10.4 

11*6 

i.S 
9,2 
2,3 

2.6 

10,0 
3* a 

10*6 
30 



16.G 

ii.S 

9.2 

2.8 

5.0 
10*6 



3-6 



13-2 
i.S 



13.2 
13.2 
10*4 

16.6 

3-8 

i.@ 

3-0 

3.S 

13*2 

II.8 



S.0 
3*0 



MXxo- 



11*2 

(11.8J 

3.6 

a.o 
(10.4) 
10.4 



5-4 
38 

r*8 

ie.6 

2.8 

i.a 

(5^4> 

18.6 

1.8 



* Given in thousands per cubic centimeter. 
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Tablb 54, continued. — Summary. 





Radium at c». 


Radium in 
Al tube. 


Radium in 
I lead plate : 
wall 0.5 cm. 


Radium in 

2 lead tubes; 

wall I cm. 


Miscellaneous. 


P*rt. 


Tube and 
plate. 

9.8 
9.2 


Tube and 
reflector. 


III. 


i3.9 

«2.7 

32.4 
I2.4 


J14.5 
( 11.9 
J 8.8 
1 8.7 


S 9.8 
1 8.4 
j 13.0 
i 13.9 
i 7.6 
} 5.0 

/ 9.1 
I 9.3 


i 5.2 
1 8.3 
I 10.5 


3.6 




Means.. 2.7 


11.3 


9.5 


7.9 


9.5 


3.6 



Table 54, continued. — ^Tubes of lead 60 cm. long often capped. Wall, 0.5 cm. thick 



Part* 



IV. 



Remarks. 



Air..... , 

Eadlam in Al in lead 

tube with ends open- 
Do.. » 

Radium in lead tube 

cap|>cd 

Do. 

Air. 

Lead tube without 

radium .... 

Radium in Al tube-. 
Radium in lead tube 

open. 

Radium in lead tube 

capped 

Air............. 



^1* 



3.B 
1.6 

3.4 
3-4 
r 



29 
o 



1-7 
3S 

3'2 

o 

i-g 

2.0 

o 



Sm* 



2*0 

5-3 



5-7 

r 

r 
3*0 



2.2 



^** 



MX 10- 



1*0 



3-3 
3,a 



29.0 
3.2 

20.4 

20.4 

1.8 

1.8 
n.8 

5,0 

10.4 
o 



^iXio- 



MXio- 



3*0 

16.6 
33.6 

16.5 

o 
3'0 

3-6 
3^8 

14.6 

5.4 




3.8 
18.6 

27.6 

3-S 
1.8 

1.3 
13.2 

1.3 
5^0 



iViX 10^ 



3a 

9.2 



18,6 



* No induced radio-activity. 

69. Continued — Effect of distance. — Radiations from radium are in 
curious contrast with the corresponding results for the X-rays, inas- 
much as the corresponding nucleating power falls oflf rapidly with the 
distance of the sealed aluminum tube from the fog chamber. At 200 
cm. the eflFect is but just appreciable above the nucleation of nonener- 
gized dust-free air, as shown in table 55. 

Marked excess of nucleation is observed within 100 cm., apparently 
increasing as the distance from the fog chamber decreases ; but it is 
diffictdt to make definite statements here, because all the effects are 
small and successive exhaustions show marked periodicity. The 
mean values are estimates. Though 5 minutes of exposure was at 
first allowed, the effect is probably instantaneous and the succeeding 
sections show that the effect is very penetrating. 
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Table 55. — Radium effect from different distances outside of fog chamber. 9p =25 
cm. Wood fog chamber in lead casket First exposure 5 min. Radium in sealed 
aluminum tube. 



D. 


Si. 


*i. 


St. 


MXio-«. 


A^tXio-*. 


A^sXio-*. 


Mean 
NX 10-^. 


cm. 
















600 


0.0 


.... 


.... 


0.0 


.... 


.... 





400 


1.9 


r 


.... 


3.6 


r 


.... 


2 


200 


2.0 


r 


.... 


3.8 


r 


.... 


2 


100 


2.6 


2.2 


r 


9.2 


5.0 


r 


7 


50 


3.1 


1.7 


.... 


14.6 


3.0 


.... 


9 


25 


3.2 


1.9 


:3.i 


16.6 
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zo 


10 


3.0 


r 


»3.i 


13.2 


r 
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8 





3.4 
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♦3.3 


20.4 


3.8 
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12 


00 


1.2 


1.8 


tr 


2.2 


3-2 


r 


2 



* Five or six periods observed in succession, same amplitude, 
f Radium effect lost at once ; apparent air periods. 

TO. Glass fog chamber— PenetratioiL— It seemed necessary to repeat 
the work on the penetration of radium radiations as well as the exper- 
iments on their effect from a distance with the aid of the cylindrical 
fog chamber of glass ; for a vessel of this type may be made rigorously 
tight, whereas entire freedom from leakage is often difficult to main- 
tain in the plate-glass apparatus. From what has been stated, leaks 
of any kind, even if small, are favorable to the occurrence of water 
nuclei and therefore to periodicity. The data are given in table 56 
and curves 88. 
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P1G6. 88-90.— Ulnstfating table 56. 
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Tablb 56. — ^Penetration of radiom radiation. Cylindrical glass fog chamber without 
casket. 9^ss22 cm. Lead tube, 30 cm. or 60 cm. long. Walls, 0.5 cm. thick. 



Part. 


Remarks* 
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$u 


s»* 


5». 


inxio-* 


jViXio-^iViXio-" 
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20.4 
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27.6 


35*0 
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2.7 
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3-7 


10.4 


g.8 
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3^7 


3.1 
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Radium in t Pb tubes, capoC* 
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3-3 
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18.6 


18.6 


r6.6 
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10 
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2S 
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II.O 


27.6 
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16.6 
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5-4 


6.6 
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T.9 
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15 
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30.0 




RaiHiiixi At 00 »...•,...«...«..>*...>... 










& 


















* Air effect frequently tested. 



f Flat against chamber. 



In the first part of table 56 the radiation passes through thick lead 
tubes, P, placed parallel to and contiguous with the end of fog cham- 
ber A, as shown in fig. 88. There is no observable eflfect due to the cap, 
nor to the length of the lead tubes, whence it follows that the rays pro- 
ducing the nuclei actually pass through the heavy walls of lead. If 
mean values be taken for the periodic data, the results are (curve 89) : 

Radium in thin sealed aluminum tube, iV= 27,000 

Radium in lead tube, walls 0.5 cm., N'= 23,000 

walls i.o cm., N'--=^ 18,000 

or 85 per cent and 67 per cent pass, respectively, through the walls of 
lead 0.5 cm. and i cm. thick. The important result follows here, as 
above, that the extremely penetrating rays are responsible for the 
observed nucleation. 



7L Radiation from a distance. — It is surprising to compare with the 
penetrating effect of the radiation the relatively marked diminution of 
its intensity with distance. Indeed, if distances be reckoned from 
the line of sight (supposing this to be justified) about 10 cm. from the 
end of the chamber, the mean data are (curve 90) : 

D= 10 20 40 60 no 210 cm. 
iVXio-*-= 30 13 8 5 3 2 
ND X io~* = 30 26 32 30 33 42 
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where the decrease is about inversely as the distance, except at long 
distances, when the data become uncertain. All this is in strong 
contrast with the X-ray eflFect, where the removal of the bulb to a 
distance is so much less significant than the presence of a dense screen 
in the path of the rays. 

72. Distribution of nucleatlon along the axis within the fog chamber. — 

This makes a final anomalous feature of the results. Whereas the 
nucleating effect falls off nearly 25 per cent when the radium is placed 
axially at a distance of 40 cm. from the end of the fog chamber, out- 
side of it the size of the coronas is about the same from end to end of 
the inner length of about 40 cm., no matter what may be the position 
of the radium outside.* It will be remembered that the decay and gen- 
eration of the nucleus is so nearly instantaneous, that convection or 
like discrepancy is quite out of the question. These observations are 
difficult because of the short length of the chamber and the rapid sub- 
sidence ; but so far as they have gone, there seems to be an entire 
contrast between the behavior of the radiation outside of the chamber 
and the behavior inside of it, the aluminum tube being in every case 
outside of the chamber and axial in position. 

SUMMARY AND CONCLUSIONS. 

73. General remarks.— The results of this chapter relate to fleeting 
nuclei (ions), to persistent nuclei, to fog limits, to persistence of fleet- 
ing nuclei or ions on solution, to the alternations of large and small 
numbers of efficient nuclei in successive identical exhaustions, to the 
secondary generation of nuclei after intense X-radiation, to the dis- 
tribution of radiation in the space surrounding the X-ray tube in con- 
trast with the corresponding case of the sealed tube with weak radium, 
to the nucleation produced by the gamma rays and its distribution 
within the fog chamber, etc. They are thus of considerable impor- 
tance in their bearing on the present research, and will therefore be 
advantageously summarized at the end of this memoir, in Chapter VI, 
section 91 ^/ seq.^ in connection with other relevant matter. 

* The statement in the text needs correction. My recent experiments have shown 
that there is an axial gradation of the number of fleeting nuclei within the fog cham- 
ber. This c^dation becomes very marked when the fog chamber consists of parts 
which are unequally strong secondary radiators. Discussion will be made elsewhere. 



CHAPTER IV. 

THE NUCLEATION OF THE ATMOSPHERE AT BLOCK ISLAND. 
By Robinson Pibrcb, Jr. 

T4« Introductory, — The present series of experiments, during the 
winter of 1904-5, was undertaken with a view to comparing the nucle- 
ation in pure country air with the results obtained at the same time 
in Providence.* After a consideration of several places. Block Island, 
R. I., was chosen as a station, on account of its location, in the ocean 
(see fig. 94) 10 miles south of Point Judith, and the freedom from 
smoke and other refuse commonly found in the air of cities. At the 
same time, the two stations are, in other respects, meteorologically 
nearly identical. Through the courtesy of Prof. Willis L. Moore, 
chief of the United States Weather Bureau, the ofl&ce of the Bureau 
on the island was placed at our disposal, and the apparatus was duly 
installed there during the latter part of November. The chief occu- 
pations on Block Island are fishing and farming, and the only smoke 
is that from dwellings, which are to a great extent scattered. As the 
high readings usually occurred with nortli to west winds, the situa- 
tion of the Weather Bureau building northwest of the village gave 
complete freedom from all such local influences. 

I have here to express my thanks to Mr. W. L. Day, the local 
observer, for his assistance in many ways during my stay at the island. 
Mr. Day took the observations at various times, and the results from 
March 10-14 ^^^ April 19-25 are his. 

T5. Apparatus. — ^The apparatus used was similar to that employed 
by Professor Barus,t and the two were operated side by side for some 
time previous to leaving Providence, with results well in accord. A 
brass cylindrical trough was substituted for the wooden one late in 
December and a few minor changes were made from time to time, all 
of which were tested to make sure that they did not afiect the read- 
ings of the instrument. 

*C. Bams : Smithsonian Contributions. Vol. xxxiv, 1905, Chap. IX ; also Chap. V 
of the present memoir, 
t Barns : Loc. cit. 
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In the following table the weather is given in terms of P fair, Fc 
partly cloudy, C cloudy, R rain, Sn snow, S sun ; the wind directions, 
in points of the compass. The coronal angular diameter, ^, is such 
that 30 X 2 sin ^/2 = s, or nearly ^ = 5/30, when the eye at the goniom- 
eter and the source of light were at distances 85 cm. and 250 cm., 
respectively, from the fog chamber between them. Nis not corrected 
for the temperature (°C.) of the apparatus, this being added in the next 
table. The reduction from ^ to A^ is made as in Barus's memoir 
(Smithsonian Contributions, 1905, Vol. xxxiv), and the measurement 
of s made to the outer edge of the red ring, coinciding with the inner 
edge of the blue or green rings. Exhaustions were made to a pressure 
diflFerence of 8^ = 17 cm. 

Tablb 57. — Successive observations of the nucleation (iV in thousands per cubic cen- 
timeter) of the atmosphere at Block Island. 
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Tabls 57. — Snccessive observations of the nncleation. etc. — Continued. 
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Tablb 57. — Successive observations of the nucleation, etc. — Continued. 



Date. 


a 


1 

1 


5 




1'* 


s 

I 


i 

it 


t 


Remarks. 


1904. 
Dec. 14 

15 


9.3 

11.3 

8.9 

11.0 

1«.2 

1.9 

5.5 

9.6 

12.3 

3.2 

4.5 

5.4 

7.1 

9.2 

10.6 

9.0 

10.8 

12.1 

3.3 

4.2 

5.3 

10.7 

12.3 

1.1 

9.3 

12.6 

3.4 

6.0 

8.7 

10.7 

12.0 
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15.6 
16.1 
15.8 
15.2 
13.7 
18.0 
18.0 
17.8 
18.8 
18.8 
19.4 
19.8 

18.6 
19.8 
19.8 
20.0 
18.4 
20.8 
20.4 
20.0 
19.0 
18.9 
17.4 
17.8 
17.8 
17.8 
17.6 
11.7 
12.0 
12.4 
12.8 
13.6 
12.2 


op 
18 
20 
28 
28 
80 
81 
80 
29 
31 
82 
82 
81 
81 
80 
29 
26 
29 
29 
89 
89 
29 
89 
89 
80 
86 
41 
41 
86 
81 
82 
82 
82 
82 
82 
31 
81 
81 
80 
86 
26 
27 
80 
80 
88 
80 
41 
41 
40 

40 
48 
46 
40 
44 
48 
44 
48 
42 
42 
88 
88 
87 
86 
82 
17 
17 
18 
19 
17 
18 


8.2 
2.6 
8.0 
2.9 
2.5 
2.9 
4.8 
0.0 
2.3 
2.7 
2.8 
8.2 
2.7 
2.4 
2.9 
2.4 
8.0 
8.3 
8.4 
2.6 
2.7 
2.7 
8.7 
8.4 
2.7 
8.1 
2.1 
2.7 
8.0 
8.1 
8.7 
2.9 
8.7 
8.0 
2.8 
8.2 
t.8 
2.6 
8.7 
8.4 
2.4 
8.1 
2.8 
1.9 
2.4 
2.8 
2.2 
2.4 

1.7 
2.7 
2.2 
1.9 
0.0 
2.8 
2.1 
1.8 
1.8 
1.8 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9 
1.9 
2.8 
t.l 
t.9 
2.8 


wPcor 
cor 
cor 


11.8 
6.9 
9.8 

8.8 
5.2 
8.8 

28.0 

.0 

4.0 

6.6 

7.8 

11.8 
6.6 
4.6 
8.8 
4.6 
9.8 

12.6 

18.8 
6.2 
6.6 
6.6 

17.6 

18.8 
6.6 

10.2 
2.7 
6.6 
9.8 

10.2 

17.6 
8.8 

17.5 
9.8 
4.0 

11.8 
7.8 
5.2 

17.6 

18.8 
4.6 

10.2 
7.8 
2.t 
4.6 
4.0 
8.8 
4.6 

1.8 
6.6 
8.8 
8.8 
0.0 
4.0 
2.7 
1.9 
1.9 
1.9 
0.0 
0.0 
0.0 
0.0 
0.0 
8.8 
t.2 
7.8 
t.7 
8.8 
4.0 
















16 


wpg 


Snow at aight. 












































17 




































18 




Blissard at night. 


19 


wtog 
wrpg 




















SO 




































tl 




































23 






30 




Snow in morning. 
Braaa trough. 






81 




























1905. 
Jan. 1 






















2 




































3 






























4 




BlUsard, 60 mllca. 
























5 
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Tablb 57. — SaooesBive observations of the nucleation, etc^Continned. 



I>ate. 


i 


1 


i 


1 




t 

1 


i 
it 


t 

9 


Remarks. 


1906. 
!•»- 6 


10.7 

1S.8 

S.1 

8.6 

4.9 

6.8 

8.8 

10.1 

1S.8 

S.S 

5.9 

9.7 

Il.O 

1S.5 

8.5 

5.9 

8.0 

1.5 

8.4 

7.6 

8.8 

10.7 

It.t 

1.9 

8.8 

6.6 

8.7 

10.6 

It.S 

t.6 

4.4 

5.8 

9.0 

10.5 

lt.4 

8.1 

4.9 

5.9 

8.8 

10.7 

lt.5 

8.4 

8.4 

5.6 

9.0 

11.6 

8.5 

5.7 

9.5 

lt.7 

3.6 
5.8 
8.4 
11.0 
18.8 
8.3 
8.0 
0.8 
3.5 
4.9 
6.0 
8.1 
9.6 
9.0 
10.6 
18.5 
8.8 
6.0 
9.0 


F 

P 
F 
F 
F 
F 
Sn 
8a 
8n 
R 
C 

c 
c 

F* 
F 
F 
F 
F 
F' 
F 
F 
F 
F 
P 
F 
C 
C 
C 
C 
C 
F 
C 
C 
F 
C 

c 
c 
c 

RFog 

Fo?k 
RFog 

RFog 

C 
C 
C 
F 

F 

P 

P 
P 
C 
C 

c 

F 
V 

p 

F 
F 
P 
P 
F 
F 
P 
F 
F 
F 


w 
w 

NW 

NW 
NW 
NW 

B 
B 

8^ 

SB 
8W 
8W 
8W 

W 

w 
w 

w 

NW 

NW 

NW 

NW 

NW 

NW 

8W 

W 

W 

W 

W 

W 

NW 

jrw 

N 
NB 

m 

aw 
sw 

8W 
8W 
NW 
NW 

N 

N 

N 
NW 

NW 
NW 
NW 
W 
8W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
NW 


18.0 
18.8 
18.5 
18.8 
18.0 
18.9 
18.9 
14.8 
14.7 
15.4 
15.8 
18.5 
19.0 
19.5 
90.0 
19.7 
14.4 
17.6 
16.9 
16.0 
15.5 
15.7 
16.0 
16.5 
16.1 
16.1 
17.8 
17.4 
17.4 
17.4 
17.4 
17.5 
18.0 
15.5 
16.0 
16.6 
17.1 
17.0 
18.6 
15.7 
16.7 
17.8 
18.8 
18.8 
16.9 
16.8 
16.4 
16.4 
18.7 
17.0 

14.6 
14.0 
11.5 
12.1 
13.0 
18.0 
14.0 
13.7 
15.0 
15.0 
15.0 
15.0 
15.0 
14.7 
15.7 
16.6 
16.4 
14.1 
16.8 


Op 
81 
S6 
25 
25 
23 
28 
80 
SS 
84 
86 
87 
40 
50 
48 
44 
42 
31 
83 
33 
31 
28 
29 
80 
31 
81 
31 
86 
86 
87 
86 
84 
82 
25 
26 
27 
29 
29 
29 
41 
46 
47 
46 
44 
40 
29 
28 
29 
28 
19 
22 

28 
21 
16 
80 
21 
23 
26 
25 
28 
28 
28 
27 
27 
80 
88 
84 
84 
83 
82 


2.8 
2.8 
2.8 
4.3 
2.0 
2.0 
0.0 
0.8 
1.0 
9.0 
1.0 
0.8 
1.3 
1.5 
1.7 
1.8 
1.6 
2.0 
8.3 
2.0 
1.8 
8.7 
2.6 
2.2 
2.2 
1.8 
1.5 
2.0 
2.4 
2.5 
2.7 
3.4 
1.4 
2.3 
2.1 
2.3 
2.7 
8.3 
8.0 
2.3 
1.5 
1.8 
1.8 
1.8 
1.8 
2.6 
2.8 
2.8 
1.7 
3.0 

2.8 
2.8 
2.2 
2.5 
8.0 
2.7 
3.3 
3.6 
3.2 
4.5 
3.7 
8.3 
2.0 
2.5 
8.3 
3.4 
2.8 
2.6 
2.2 




7.3 
7.3 
7.3 
28.0 
8.3 
2.5 
0.0 

.8 
1.0 

.0 
1.0 

.8 
1.3 
1.5 
1.8 
1.0 
1.6 
83 
4.0 
2.5 
1.0 
6.6 
5.0 
3.3 
3.3 
1.0 
1.5 
2.5 
4.6 
5.8 
6.6 
13.8 
1.4 
4.0 
2.7 
4.0 
6.6 
8.3 
2.5 
4.0 
1.5 
1.0 
1.0 
1.0 
1.0 
5.0 
7.3 
7.3 
1.8 
0.3 

7.3 
7.3 
3.8 
5.2 
8.8 
6.6 
12.5 
16.2 
































6 




























Rain at night 


7 































8 
























9 




































10 




































n 




































IS 




Do. 
































IS 










Hazy. 














14 










No cloth in trough from 






hereon. 








15 






























16 




Cleaned trough. 






11.3 








38.4 
17.5 
12.5 
8.3 
5.2 
12.5 
13.8 
7.3 
5.0 
8.8 
















17 






























18 
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Table 57. —Successive observations of the nncleation, etc. — Continaed. 



Date. 


1 


1 


i 


1 




4 

I 

< 


i 


t 
1' 


Remarks. 


1905. 
Jan. 18 


10.5 
12.0 
3.0 
4.6 
5.8 
8.8 
11.0 
12.4 
2.4 
8.7 
6.0 
9.1 
11.0 
12.5 
3.2 
5.9 
9.0 
12.2 
2.5 
5.1 
9.0 

12.0 
1.6 
4.0 
7.6 
9.0 

12.2 
3.8 
6.1 
8.8 

12.2 
2.8 
5.7 
8.9 

11.8 
1.9 
6.1 
9.0 

10.8 

12.6 
8.2 
6.6 
8.8 

12.8 
8.8 
6.5 
9.8 

12.0 
8.1 
6.7 
9.8 

12.0 
1.7 
8.1 
9.2 

12.3 
8.8 
6.4 
8.9 

12.8 
2.8 
6.6 
9.0 

12.4 
8.0 
6.7 
9.0 

12.8 
2.8 


P 
P 
P 
P 
P 
P' 
P' 
P 
P' 
F' 
P' 
C 
C 
C 
P 
P 
P 
C 

c 
c 
c 

c 
c 
c 
c 
p 
p 
p 
p 
p 
c 
c 
c 

Sn 

Sn 

Sn 

Sn 

F 

P 

F' 

F' 

P 

F 

F 

F' 

F' 

Sn 

C 

C 

C 

F 

F 

F 

F 

Sn 

Sn 

Sn 

C 

C 

C 

C 

C 

F 

F 

C 

C 

C 

C 

C 


NW 
NW 
NW 
NW 
NW 
SW 
SW 
SW 
SW 
SW 
SW 
NW 
NW 
NW 
NW 
NW 
N« 
NK 

n 

SR 
8 

NW 
NW 
NW 
NW 
NW 
NW 
NW 
NW 
N« 
N« 
NR 
B 

SI 

NK 
N 

NW 

NW 

NW 

NW 

NW 

W 

W 

SW 

SW 

SW 

SW 

W 

W 

NW 

NW 

NW 

SW 

N 

NE 
NK 

s§ 

NR 

NR 
NE 
NW 
NW 
W 
SW 
NW 
NW 
KW 


oc 
16.4 
16.5 
17.2 
17.6 
17.4 
16.6 
16.9 
17.0 
17.6 
17.6 
17.5 
17.7 
17.8 
18.0 
18.4 
18.7 
14.7 
17.7 
16.9 
16.9 
18.9 

19.0 
19.3 
19.0 
18.7 
12.4 
14.7 
14.6 
14.8 
8.6 
11.0 
11.9 
12.8 
12.0 
10.8 
10.5 
10.5 
8.6 
8.6 
8.6 
8.6 
8.6 
10.0 
11.7 
12.8 
18.0 
14.6 
15.4 
16.6 
16.6 
18.6 
14.6 
14.7 
16.0 
16.0 
14.7 
14.8 
18.9 
12.7 
18.6 
18.7 
18.6 
14.0 
16.6 
16.8 
16.1 
12.t 
14.0 
18.0 


op 
84 
86 
86 
84 
88 
40 
42 
42 
89 
89 
89 
87 
87 
40 
89 
86 
81 
84 
86 
86 
40 

88 
87 
87 
86 
19 
21 
28 
28 
20 
28 
27 
29 

to 

21 
22 
12 
10 
12 
14 
14 
22 
18 
22 
24 
26 
29 
84 
88 
80 
19 
21 
24 
24 
20 
22 
24 
28 
17 
22 
28 
22 
10 
24 
26 
26 
82 
82 
tl 


2.7 
2.9 
2.6 
2.7 
2.6 
1.9 
2.5 
3.1 
2.7 
2.8 
2.2 
1.3 
2.6 
2.7 
8.1 
8.0 
1.9 
4.2 
8.5 
8.1 
1.9 

2.6 
2.6 
2.1 
1.8 
2.8 
4.2 
8.4 
8.1 
1.8 
2.4 
1.9 
1.4 
1.9 
2.8 
2.6 
2.6 
2.4 
8.0 
8.2 
8.1 
8.0 
2.9 
4.0 
8.9 
8.8 
2.8 
2.9 
2.1 
4.1 
1.9 
2.1 
2.6 
8.2 
1.9 
2.9 
8.1 
8.6 
1.4 
2.6 
8.2 
8.4 
t.6 
4.8 
8.6 
8.4 
8.1 
4.1 
4.6 




6.6 
8.8 
6.2 
6.6 
6.9 
2.2 
6.2 
10.2 
6.6 
4.0 
8.8 
1.8 
5.2 
6.6 
10.2 
9.8 
2.2 
25.8 
15.0 
10.2 
2.2 

6.2 

6.2 

2.7 

1.9 

7.8 

26.8 

18.8 

lO.t 

1.9 

4.6 

2.2 

1.4 

2.2 

7.8 

6.9 

5.2 

4.6 

9.8 

11.8 

10.2 

9.8 

8.8 

22.0 

20.6 

12.6 

7.8 

8.8 

2.7 

24.0 

2.2 

2.7 

6.9 

11.8 

2.2 

8.8 

10.2 

16.2 

1.4 

5.9 

11.8 

18.8 

6.9 

28.0 

16.2 

18.8 

lO.t 

24.0 

84.8 




























19 




































20 
























SI 






















Mitt, almoat rain. 


23 




Uarht rain, almoat sun- 
























23 




Cleaaed troafh. 




















U 
























25 




Bllssard. 






Do. 






Do. 






Do. 


26 






























27 
























28 
























29 
























80 
























81 
























Feb. 1 
























t 




Snow at niglit. 
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Tabli 57* — Successive observations of the nacleation, etc. — Continued. 



Date. 


i 


1 


1 


fli 


1 


! 
1 


i 


t 

1" 


Remarks. 


190b. 
Feb. 1 


6.4 
9.0 
10.6 

is.s 

8.0 

e.t 

0.6 
10.7 

it.s 

8.0 
6.8 
8.4 

10.0 
1.8 
8.8 
6.8 
9.4 
6.0 
9.8 
8.7 
6.8 
9.8 

18.5 
8.6 
5.7 
9.8 

18.5 
8.8 
6.8 
9.8 

18.4 
8.1 
6.8 
9.4 

18.8 
8.5 
6.8 
8.6 

11.6 
1.0 
8.0 
6.4 
9.1 

10.8 

18.5 
8.8 
6.8 
9.4 

18.8 
8.5 
6.0 
9.8 

11.8 

11.8 
8.6 
5.7 
9.4 

18.8 
8.8 
6.0 
9.4 

18.0 
8.9 
5.5 
9.8 

18.8 
8.0 
6.0 
8.6 

18.8 


C 
C 
Cf 

p 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
S 

F 

F 
F 

F 
F 
F 

8n 

S 
S 
R 
C 

c 
c 

F 
F 
F 

F 
F 
F 
C 
C 
C 
R 
C 
R 
R 
8a 
C 
F 
F 
F 
F 
C 

c 
c 

8a 
C 
F 
F 
F 
F 
C 
C 

c 
c 

F 

F' 
F* 
F' 
F' 
F' 


NW 
NW 
NW 
NW 
NW 
NW 
NW 
NW 
NW 
NW 
NW 
N 

NE 
N9 

B 

B 
NW 
NW 
NW 
NW 
NW 
NW 
NB 

W 

B 

B 

B 

B 

w 

8W 
W 
W 
NW 

NW 
W 

w 

8B 
8B 

8B 
8B 
8B 
8W 
8W 
W 
NW 
NW 
W 
W 
8W 
8W 

§ 

B 

NW 

NW 

NW 

NW 

NW 

NW 

8W 

8W 

8W 

8W 

W 

W 

W 

NW 

NW 

W 


16.0 
10.0 
10.0 
10.0 
11.6 
18.9 
10.0 
10.0 
10.0 
11.9 
11.6 
18.0 
18.0 
18.6 
15.8 
15.4 
18.8 
17.4 
14.7 
14.1 
18.6 
11.4 
18.6 
18.6 
14.0 
14.6 
15.5 
18.7 
15.5 
17.0 
18.0 
17.5 
17.5 
18.6 
18.7 
14.1 
14.8 
14.S 
14.8 
15.7 
16.0 
16.4 
17.0 
17.0 
16.4 
16.4 
15.8 
18.1 
11.0 
11. 
18.7 
11.4 
18.7 
12.7 
18.5 
14.8 
10.0 
10.0 
11.5 
18.6 
18.8 
18.7 
15.0 
15.8 
13.0 
18.9 
14.1 
14.0 
11.7 
18.9 


op 
19 
9 
11 
15 
19 
17 
10 
18 
14 
16 
16 
14 
18 
84 
84 
84 
88 
83 
82 
83 
21 
16 
26 
80 
27 
80 
38 
33 
83 
88 
84 
84 
88 
21 
23 
24 
28 
85 
89 
31 
34 
87 
85 
36 
35 
28 
25 
13 
15 
16 
17 
24 
24 
24 
24 
23 
10 
14 
17 
17 
88 
86 
88 
81 
21 
82 
28 
80 
15 
18 


4.6 
8.7 
4.8 
5.1 
4.7 
8.7 
4.0 
4.8 
4.7 
4.5 
8.7 
2.5 
3.9 
3.6 
8.0 
8.7 
0.0 
2.1 
4.2 
4.7 
8.6 
3.9 
4.0 
3.6 
4.1 
1.3 
8.0 
0.0 
0.8 
3.6 
4.4 
8.2 
8.7 
8.0 
4.0 
4.3 
8.9 
2.7 
2.0 
2.5 
2.7 
2.7 
2.9 
2.6 
2.7 
2.7 
2.0 
4.3 
3.7 
8.8 
8.8 
1.8 
2.2 
2.0 
8.8 
8.1 
6.0 
5.1 
4.8 
3.9 
2.7 
2.6 
2.7 
2.8 
8.6 
4.4 
3.8 
8.6 
8.9 
8.7 




84.8 
17.6 
30.5 
46.0 
37.2 
17.5 
22.0 
25.8 
87.8 
82.4 
17.5 
5.2 
20.5 
16.2 
0.3 
17.5 
0.0 
2.7 
25.8 
87.2 
16.2 
20.5 
22.0 
16.2 
24.0 
1.3 
2.5 
0.0 
0.8 
16.2 
80.0 
11.3 
6.6 
0.3 
41.7 
28.0 
20.6 
6.6 
8.8 
5.2 
6.6 
6.6 
8.8 
5.9 
6.6 
6.6 
8.8 
28.0 
17.5 
10.0 
10.0 
1.8 
8.8 
2.5 
12.5 
10.2 
68.0 
46.0 
30.5 
20.5 
6.6 
5.0 
6.6 
7.8 
16.2 
80.0 
10.0 
16.2 
8.8 
80.5 




s 






























4 






























6 




























Snow at night. 


6 




Cleaning apparatus. 








7 




Mending apparatus. 














8 
























Q 




Snow at night. 




















10 
























11 
























It 
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16.9 


87 


17.4 


85 


18.9 
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p 


12.2 


p 


8.4 


p 


6.0 
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c 
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c 
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w 
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sw 
sw 
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sw 

NW 
NR 

K 
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N 
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NW 

W 

W 

W 
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N 
NW 

W 

W 

W 
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W 

w 
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NW 
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NW 
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SW 

N 

N 
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W 

8 

8 

8 
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2.4 

8.1 

3.0 

3.3 

2.9 

8.2 

1.7 

1.5 

1.0 

1.2 

1.4 

0.8 

0.0 

2.6 

4.5 

4.6 

4.0 

3.6 

2.8 

3.9 

4.6 

8.4 

2.6 

4.2 

8.4 

3.1 

2.4 

2.6 

3.0 

3.4 

3.8 

4.2 

4.2 

3.7 

3.9 

8.0 

3.0 

4.0 

5.1 

4.1 

4.4 

8.6 

4.4 

4.0 

4.7 

8.7 

4.0 

4.2 

8.5 

8.8 

4.0 

8.1 

2.8 

2.2 

2.1 
8.5 
8.2 

2.9 
2.8 
8.1 
8.9 
8.7 
8.5 
8.1 
2.6 
t.6 
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25.8 

16.2 

4.6 

10.2 

9.8 

12.5 

8.8 

11.3 

1.8 

1.5 

1.0 

1.2 

1.4 

0.8 

0.0 

5.9 

32.4 

34.8 

22.0 

16.2 

4.0 

20.5 

84.8 

13.8 

5.9 

25.8 

13.8 

10.2 

4.6 

5.9 

9.8 

18.8 

19.0 

25.8 

25.8 

17.5 

20.5 

9.8 

9.8 

22.0 

46.0 

24.0 

80.0 

16.2 

80.0 

22.0 

87.2 

17.5 

22.0 

25.8 

15.0 

19.0 

22.0 

10.2 

4.0 

8.8 
2.7 
15.0 
11.8 
8.8 
4.0 
10.2 
20.6 
17.6 
15.0 
10.2 
5.9 
6.9 
4.6 



Afpirator bereafler. 



Rain at nisht. 



Rmln At night 
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Tablx 57* — Snocestive obaervations of the nndeation, etc. — Continaed. 
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Table 57. — Successive observations of the nucleation, etc.— Continued. 
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NUCLBATION AT BLOCK ISLAND. lOI 

T^ Obserratfams^ — In the data as given in table 57, the first colnmn 
contains the date and daily average ; the second and third, the time in 
twentieths of a day and honrs ; the fourth shows the condition of wind 
and weather, R denoting rain, Sn snow, H haze, S snn, P fair, Pc 
or F or C partly clondy, C cloudy. The fifth column shows the 
temperature of the instrument in degrees Centigrade, and the sixth, 
the temperature of the outside air in Pahrenheit degrees. Column 
8 shows the aperture of the corona on the given goniometer : 9, the 
principal colors from the center outward ; 10 (from March 29), the 
relative humidity and vapor pressure; finally, the last column gives 
the nucleation in thousands of nuclei per cubic centimeter. 

It will be noticed that the temperature of the air in the trough varies 
considerably at times from 20** C, the temperature for which reduc- 
tions were made. Each reading was later corrected and the results 
thus obtained plotted, where the correction amounted to more than a 
thousand. The corrections as a rule were not large, however, and 
the original curve shows the relative values equally well. The chief 
effect is a slight reduction of the maxima on cold days. 

In the plates of the next chapter (figs. 95-101) the individual obser- 
vations are plotted with the weather and mean temperature, the 
nucleation being given in thousands of nuclei per cubic centimeter. 
The lower curve belongs to Block Island, the upper curve to Provi- 
dence, as will there be specified. 

n. Remarks on the tables (wood fog chamber).— With the beginning 
of observations at the island, there is a marked drop from the high 
readings taken in Providence, showing that a large part of the nuclea- 
tion observed in the latter place is due to local effects. The same 
variations with meteorological changes are, however, observed, per- 
haps even more strikingly. Thus one may note the sudden rise in the 
aflemoon of November 27, when the sky cleared and the wind 
changed to northwest. On the 30th the rain of the preceding night 
is followed by a minimum, which, owing to cloudy weather, lasts 
several days. Snow from the east and south on December 5 cuts 
down the nucleation, which rises again with the clear sky and north- 
west wind of the 6th (note the midday minimum) and holds during the 
two cloudy but dry days following. The clear weather and northwest 
winds of the 9th, nth, and 14th bring decided maxima, while minima 
accompany the northeast wind and cloudiness of the loth, and the 
snow from the same quarter on the 12th and 13th. Midday minima 
occur again on the 15th and i6th ; the high reading late in the after- 
noon of the 15th is unusual. The i6th shows the increase of nuclea- 
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tion with clear northwest wind, while the following day (17th) well 
illustrates the effect of clouds and northeast wind. It is interesting to 
note that the blizzard and snow produced no further diminution. On 
the 20th another midday minimum occurs, with a clear west wind all 
day. The 21st shows the rise due to clearing sky. 

78. Remarks on the tables (brass fog chamber).— The observations 
were interrupted from the 2 2d to the 29th on account of some needed 
repairs, and after that date the brass trough replaced the wooden one 
previously used. With the low nucleations frequently found, a fog 
chamber rigorously free from leaks is essential. 

During January, maxima, usually accompanying clear weather and 
west to north wind, occur on the 5th, loth, i6th, 23d, and 27th to 
28th ; minima due to rain or snow, with wind from the opposite 
quarter, appear on the 3d, 6th, 12th, 22d, and 24th to 25th. On the 
4th, the notched minimum is uncommon, for the weather at the sev- 
eral times of observations is W \^ ^If^ \^ \Z^ . The 5th shows a 

high reading, as the wind passes through the northwest, and the nth 
a sun and cloud effect. One may notice a curious gradual decrease 
on the 1 6th, 17th, and i8th, with continual clear weather and westerly 
wind. Clouds on the morning of the 20th bring the maximum later 
in the day, and the next day (21st) shows an unusual maximum, with 
cloudy sky and northeast wind. 

During January and February there is a noticeable tendency to a 
uniform type of day curve, rising rather steeply from 9 o'clock until 
noon or later, and falling more gradually during the afternoon and 
evening. This is what one would expect on sunny days, in view of 
the fact that nuclei seem to persist for some time in the atmosphere. 
This curve is quite well shown on the 17th, iSth, and 19th. 

In February the maxima are higher, and occur on the ist to 5th, 
7th to 8th, loth to nth, 14th, i8th to 19th, 23d to 25th, and 27th to 
28th. On the 6th, 9th, 12th to 13th, and 20th we have rain minima, 
and low readings due to clouds on the 15th, 17th, and 26th. The 8th 
shows an interesting minimum during a temporary shift of the wind 
to northeast, and the 13th a depression during the rain in the middle 
of the day. Clearing weather on the afternoon of the 15th brings a 
rise of nucleation, which attains an unusual value next day. A quick 
drop occurs on the 21st when the wind changes to east, and the 
opposite effect appears on the 26th. Another curious midday mini- 
mum may be noticed on the 28th. Throughout the month the minima 
are very quickly established by clear weather and northwest wind. 
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In March the maxima are less pronounced ; they occur on the est 
to 3d, nth, 13th to i6th, and 26th. Minima of longer duration than 
heretofore accompany the rains of 7th to loth, 19th to 21st, 23d to 
25th, and 29th to 31st. One may note the midday minima on the iit, 
2d, and 3d. The 4th shows a reversal of the usual agreement betwetn 
the wind and nucleation. On the 7th the readings fall during the 
day as rain sets in. The wind on the 13th, 14th, and 15th changes 
suddenly, near noon, from northeast to southwest, but no definite 
corresponding change appears in the nucleation. A fine cloud effect 
is shown on the i6th when the sky becomes overcast in the afternoon. 
On the 23d one may note a minimum, as the wind passes through the 
east to south. 

The variations in the nucleation in April are even less marked ; low 
maxima occur on the ist, 3d, 7th, and 14th to i6th, while minima 
accompany rain and fog on the 4th to 6th, and loth to 14th. An 
unusually low value is obtained on the 2d, with clear northwest wind, 
and on the 7th is an unaccountable high reading which seems to have 
no connection with local influences. From the i6th the weather is 
warm, with considerable fog, and the nucleation runs low, with little 
variation to the end of the month. 

79. Summary and comparisons. — In figures 91 and 92 are shown 
together the current nucleations (continuous heavy black line), sun- 
shine (continuous light black line), vapor pressure (heavy broken 
line), temperature (light broken line), and general weather conditions 
for each day. The nucleation and temperature given is the average 
of the observations taken during the day, as is the vapor pressure 
after March 28th ; before that date the vapor pressure is the mean of 
the regular morning and evening observations at the station. Both 
the temperature and vapor pressure are laid off positively downward. 
The sunshine is the total for the day as recorded by the office sunshine 
recorder. 

The graph as a whole shows a rather marked similarity in the nature 
of the several curves. In many cases of discrepancies the nucleation 
appears to show the effect of conflicting causes. On November 29, 
with no sun, the nucleation persists from the fairly high reading of 
the day before, although the other curves drop. Warm rain and 
further increase of vapor pressure on the 30th cut it down, and it 
ascends very slowly during the cloudy days following. A decrease 
accompanies the rise in temperature and vapor pressure of December 
5, which is quickly reversed by the sunshine and northwest wind of 
the 6th. The nucleation curve remains nearly level, as doss that of 
the water vapor, during the two cloudy dajrs succeeding. The sun- 
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shine of the 9th and nth gives maxima which themselves rise with 
the moisture and temperature curves, while all drop on the 12th. The 
rise on December 13 seems to accompany the sudden fall in tempera- 
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tore and change of wind to north. The maxima of the i8th lags 
behind the lest, but the readings fall into step next day. 

Increase of sunshine on January i shows its effect on the nucleation, 
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Fig. 92. — Graphs showing corrent nucleations, etc., February 21 to May 3. 
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as also on the 5th and 16th. On the 3d the nuclei seem to have been 
completely wiped out by rain, and we get no more till the sun shines 
next day. From the 12th to the i6th the nucleation lags behind the 
other curves in recuperating, and again on the 21st and 27th. As 
is often the case for low values, the nucleation does not follow the 
other curves on January 19. During the last days of the month the 
behavior of the nuclei is quite unusual, although the snow on those 
days is light and dry. 
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Fig. 93. — Chart showing the average daily nucleations at Block Island, in hundreds 
per cubic ceutimeter. from December to May, 1904-5. 




Fig. 94. — Location of the stations at Providence and at Block Island. 
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The dry, cold weather of Pebmary gives a striking series of maxima 
and minima, with the highest readings of the winter. It is interesting 
to note the fidl in nncleation on the 5th, accompanying rise in tem- 
perature and vapor pressure, and east wind, although the sunshine 
remains the same. Again, on the 13th, following rain in the night, 
the vapor pressure and nncleation are at their previous value, although 
there is no sun during that day. On the 20th the nuclei persist 
through cloud and snow, while on the 22d they disappear entirely with 
cloudy weather. 

The ist, 2d, and 3d of March, with steady sunshine and wind con- 
stantly from the west, show well the agreement between the nnclea- 
tion and vapor pressure. On the 6th, one notes again the lag of the 
nncleation in building up, and that the light rain and fog of the suc- 
ceeding days does not cut down the nncleation entirely. During the 
rest of March and April there is a considerable amount of water vapor 
and the temperature runs higher ; the nncleation, while it follows the 
changes in the other curves, remains low, although there is at this 
period plenty of sunshine. The rains of this time never wash out the 
nuclei entirely, and readings of several thousand are often obtained in 
thick £Dg. 

80. Tentative inferences.— Perhaps the most striking result shown 
by these observations is the variation of the nncleation with change 
in wind direction. It is very probable that nuclei are brought by the 
land breeze from towns over which it passes. Our winds from the 
northeast to southwest, through the east, are pure sea breezes ; there 
is no land in those directions for a great distance, and the readings 
when such winds occur are usually low. High readings, on the other 
hand, commonly accompany wind from the other quadrants. Such 
winds (as seen in fig. 94) pass over towns and cities comparatively 
near; Newport, R. I., is a little east of north 30 miles distant ; the 
towns on the Connecticut shore lie between northwest and west at 
distances from 20 miles up ; New York, from which one would expect 
a vast number of nuclei, is a little south of west, distant about 100 
miles. When the wind is from this quarter, however, the nncleation 
is as a rule considerably less than for northwest winds, possibly because 
the nuclei may not survive so long a journey. 

This wind eflFect, however, must not be overestimated. During the 
winter months here, clear, cold weather, with small amount!of water 
vapor, occurs quite regularly with northwest winds, and all these con- 
ditions usually accompany high nncleation. It is difficult to deter- 
mine the active factors or their relative influence from a limited series 
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of observations at one station, particularly as the prevailing winds 
are land winds. Data from places where the northwest wind blows 
over no cities, and where the northwest wind is warm and the south- 
east wind dry, would be interesting. 

Again, the daily averages of the nucleation appear to vary inversely 
with those of the temperature and vapor pressure, while in most cases 
they all vary directly during the day, rising to a maximum near noon. 
This would seem to suggest an overbalancing effect of the sun in pro- 
ducing nuclei. As regards the relative influence of temperature and 
vapor pressure, one might look for an increase of nucleation after a 
sudden fall of temperature, but would hardly expect nuclei to be pro- 
duced because of continued cold. It seems quite possible, however, 
that, with a high vapor pressure, there is continual condensation of 
moisture on the nuclei present, with a persistent tendency to drag 
them to the earth. The inverse agreement between the nucleation 
and the relative humidity is even more general, for the latter more 
often descends to a minimum during the day. The percentage of 
saturation, moreover, ought to be some index of the condensation 
taking place, remembering that condensation may be in progress at 
higher levels when the air at the surface is not saturated, and that, at 
those planes, small variations of temperature may be producing satu- 
ration. The absorption of the sun's rajrs, if they produce nuclei, 
would also have some effect, but probably to a less degree. 

In the case of sunshine and cloud, likewise, the effect is obscured 
for sudden changes by variation at the same time in the vapor press- 
ure. The cloud effect is partly the opposite of that attributable to the 
sun, which has been assumed to produce nuclei throughout the day 
in the upper atmosphere. Clouds catch these if they come within 
range, and prevent the formation of others near the surfiEice. Clouds, 
however, are at the same time apt to be an index of a region denucle- 
ated by rain. 

The persistence of nuclei is shown in two wa3rs. Readings, usually 
less than 10,000, are often obtained through several da3rs of cloud, 
snow, fog, and even light rain. These have either penetrated through 
the clouds or they have been brought from cities, in which case the 
land effect here must be small. Persistence, and therefore the sup- 
posed cumulative action of the sun, is shown in the day curve, in which 
the 3 o'clock reading is nearly as high as that at noon, although the 
sun is then as low as at 9 o'clock. Similarly, the lag of the nuclea- 
tion in building up after rain, or after a persistent cloud effect, would 
seem to indicate the cumulative action of the sun. 
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Tftken as a whole, therefore, it seems to me probable that some- 
thing more than the displacement of a land effect, produced artificially 
and locally elsewhere, chiefly by combustion, has been observed. In 
other words, it would be premature to attribute the phenomena as a 
whole to atmospheric convection. 

Tablx 58. — ^Average daily nndeations of the atmosphere at Block Island, 1904-5. 
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81. Ayeratre daily nncleatlons at Block Island.— The mean variations 
of the nucleation at Block Island from day to day are given in table 
58, and they have been already charted in figures 91 and 92. The 
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data are constructed for rapid inspection in fignre 102, of Chapter 
V (lower curve). The initial (high) observations marked with a circle 
were made with the same apparatus in Providence. The curve as a 
whole shows two well-defined undulations, one extending from 
December into the beginning of January and the other from this 
epoch to the beginning of April. After this the data are scattering. 
Further discussion will be appropriately given in connection with the 
corresponding data found at Providence and detailed in the next 
chapter. 

82. Average monthly nucleatloiis at Block Island.— Table 59, below, 
contains the monthly average of the number of nuclei in the atmos- 
phere of Block Island in thousands per cubic centimeter. The data 
are reproduced in figure 93. The curve contains definite indica- 
tions of a maximum in December practically coinciding with those 
found in the two preceding years in Providence, as suggested by the 
dotted line. After January, however, the enormous increment of 
nucleation which characterizes the February observations appears. 
This is the feature of the present results, and the effects continue with 
general moderations during March and April; for the nucleation of 
March actually exceeds that of December, while April is not much 
below January, showing, therefore, that very unusual conditions pre- 
vail in the atmosphere. 

To interpret this curve, /. e.y to discriminate between terrestrial and 
cosmical interferences with the atmosphere, it will be necessary to 
compare it with the corresponding monthly distribution of the meteoro- 
logical constants of the atmosphere. This will be appropriately done 
in Chapter V, section 5, in connection with the other data there given. 

Table 59. — Average monthly nndeations at Block Island, 1904-5. 

♦ November, 1904 < 7.0 

December, 1904 7.1 

January, 1905 5.4 

February, 1905 13.9 

March, 1905 7.9 

April, 1905 5.0 

t May. 1905 < 5.0 

* November 21-30, only. Average datum therefore too high, 
t May 1-3, only. Average datum therefore much too high. 



CHAPTER V. 

THE OOTEMPORANEOUS NUCLEATIONS OF THE ATMOSPHERE 
AT PROVIDENCE AND AT BLOCK ISLAND. 

83. Introductory. — In the preceding chapter, Mr. R. Pierce, jr., has 
given an account of his observations of the nucleation of the atmos- 
phere at Block Island. I purpose in this place to give the corre- 
sponding data for Providence. The two stations lie nearly enough 
together to have about the same general meteorological elements, 
while the conditions as to nucleation may be totally different. Block 
Island is surrounded by a body of water the least radius of which, 
measured from the center of the island, is nearly 20 kilometers. It 
lies about 70 kilometers from Providence in a direction about 10** west 
of south. Fully one-half of Block Island fronts the ocean, as is seen 
in figure 94, Chapter IV. The atmosphere at the former place should 
be relatively free from pollutions due to the habitation of man, while 
the reverse is naturally true of the latter. It is unfortunate that in 
both cases the prevailing winds are land winds, at least from a distance, 
and in discussing observations it must be borne in mind that the wind 
bearing is not indiscriminately in all directions. I shall at the same 
time avail myself of the series of observations, extending over two 
years, contained in my report* to the Smithsonian Institution, which, 
with the present series, complete a three years' period. 

84. Observations. — ^These are taken with less frequency than in the 
former paper (loc. cit.), but are otherwise on the same plan. The 
entries of the table are at once intelligible. The time of day is in hours 
and tenths of an hour. Weather variations are noted from cloudy 
(C), partly cloudy (FC) to fair (F). The temperature of the apparatus 
is given in degrees Centigrade; those of the atmosphere in degrees 
Fahrenheit. The coronal diameter, is shown under s, which is the 
chord of a radius of 30 cm., when the eye at the goniometer and the 
source of light are 85 cm. and 250 cm., respectively, from the fog 
chamber. The number of nuclei per cubic centimeter, given under 
If, has not been corrected for temperature, as the difference for the 
present purposes is unessential. 



* Smithsonian Report, vol. xxxiv, 1905. 
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Table 6o. — Nnmber of nuclei (n) per cubic centimeter in the atmosfdiere of Provi- 
dence, R. I., from November i, 1904, to May i, 1905. 

[Weather : C dottdy, CF putMj doadj F fair* Cortiiul coloi« (r red, b bine, p purple. 

w white, Q orange, y ycUow, g i^reeti, br browti) ftrc fivcti from the cenur outward. An accent 
d«tioe» at! ftppixuach to the color (y' y^llowiili) ; a perpendicular line, a thin ring of iDdeterml- 
ttflble color If ^ U tbc nnirnlAr diameter of the corona meaanred to the ontalde of the lirM red 

Ho;, 3 min ^/a «/|o.] 







b ' 




Temp, 


Temp. 










Date. 


Time 


1 


Wind. 


of 
appa- 


of 
atnaoa- 


«. 


Corona 
colon. 


n. 
Kum- 
ber. 


Remark*. 








ratna. 


pb^ie. 








]9Dt. 


Gout. 






•c 


Ojl 


em. 








Nov. I 


9.A 


F 


W 


l«J 


JfO 


' 3.1 


w h 


F 


^jtm 






KO 


C 


NW 


17.1 


54 


3.1 


w h 


F 








4.0 


C 


N 


■— 


U 


8.1 , 


w h 


F 


m/m 






fi.6 


F 


N 


17.1 


43 


3.1 


worn 


mjooa 






4.t 


P 


a 


19.1 


4S 


8.1 


wlbf 


rp 








&.» 


F 




19.1 


45 


».4 


wri 


mseo 






i.4 


c 


■■**s'*" 


IB.l 


60 


0.1 


yiEfp 


njom 






n.v 


c 


ft 


19.1 


^ i 


6.1 


mjm 






%.i 


c 


BW 


19.1 


« 


4 1 
4,8 ' 


\^ 


mmy 






lOA 


F 


H 


li.l 


55 


4.0 


wrir 


mjm 






I0.4» 


F 




X^.l 




6.1 


wlblp 


40.000 

17,OOU 






11. s 


F 


■""if*"" 


10. 1 


S7 


4.7 






11.3 


F 




WA 


87 


8.9 


cor 


IIJOOO 
15,000 






4.4 


C 


"nw" ' 


M.l 


fri 


8.5 








ft.O 


C 




10.1 


47 


8 i 




19V000 
15.000 






10,1 


C 


N 


li.l 


«{ 


3.5 
8.5 


}«; 






1.0 


c 


N 


19.1 


45 


4.0 


wrg 


S4JD0 






3.t 


c 


MK 


19.1 


41 


8.8 


w|bTp 
cor 


19^000 






i.i 


c 




11.1 


m 


4.9 


41.700 






9.« 


c 


""if"*'' 


18. 1 


37 


4.1 






11. a 


F 


NW 


17.1 


43 


5.4 


wpeor 
» fb J p 

wre 
tibTp 

wrjf 
VlbTp 


HJOO 






11 .1 


F 






44 


5.1 


iqjum) 






e.o 


F 




17.1 


41 


4.7 


87300 

}a»3oo 






«.« 


' C 


W 


lAJ 


as { 


4.0 
4.0 






lt.0 


F 




10 J 


4,9 


41*700 






4,9 


F 




17.1 


39 


4.8 


wrg 


89^00 






IO.fi 


F 


"JTW '■ 


10.1 


41 


0.0 


wobff 


90.000 






ll« 


F 




17.1 


44 


SJ 


04,500 






9.& 


C 


"nw"" 


17.1 


S7 


4.9 


w I b « p 


41.TO0 






n.g 


Sni 




11 A 


se 


0.3 


wpcor 


80,500 
MJOO 


Rjepcaied same. 




4.4 


C Wet 


^ ! [! ! ^ ! ^ " ' 


18.1 


17 


5.5 




fl.O 


C 




ie,i 


30 


5,8 


wrg 


M,fiOO 






93 


F 


NW ■" 


17.1 


37 


0.0 


r^% 


90,000 






11.7 


F 


N 


te.i 


^ 


4.8 


wtM 


80.500 






— 


F 


8 


19.1 


43 


5.5 


wpcor 

rib If 

wr£ 


50J00 






10.4 


C 




18.1 


80 


4 8 


30.500 
10.500 


#now. 




s& 


F 


*■■ n"'* 


lOj 


34 


0.1 






9.9 


F 


w 


18,1 


41 


o.g 


wtpy 


70.500 






t.t 


F 


w 


18.1 


47 


0.0 


»rpg 


70.500 






5.3 


F 




10.1 


40 


0.0 


wrp^ 


70^600 






10.0 


R 


*" w'"" 


18.1 


4ifi 


4.8 


w 1 b 1 pt 


30*500 






11.0 


E 


NS 


18.1 


44 


8.8 


cor 


t9J30O 






&.g 


Kl 


...... ... 


18. 1 


41 


3.8 


^^. 


7J0O 


Galet 




9.4 


C 


KW 


17.1 


40 


5.0 


w|bfp 


48,§00 






11.8 


C* 


NW 


10.1 


48 


5.5 


wpcor 
rb'p' 








4.1 


c a 




17.1 


a 


7.0 


imjm 


Vapor, 




4.8 


'^ 




— 


** 


0.1 


wrf 


7BJKQ 






9.3 


F 


""n"' 


17.1 


41 


1 4.0 


rbp 


mm 






11.7 


F 


NW 


19.1 


49 


5.3 


wpcor 








1.1 

1.0 


F 
F 




10.1 


50 
51 


0.1 

4.0 


wr» 

woFk 


10,500 
89.500 






"nw"" 






0.0 1 
9.4 


P 
P 




SO.l 
18 J 


44 

m 


4.9 
0.1 


g|b p 
wrg 


41,100 
§0.500 






^■•"n"" 






1.1 


F 


, N 


19.1 


Si 


0,1 


.^7. 


ISJOO 






B.0 


F 




19.1 


w 


4.8 


89JB00 




1« 


».4 


F 


'* n"" 


17.1 


15 


! 5.7 


wrpf 


01 .500 






11.4 


F 




17.1 


a 


0.0 


wrg 

WTOfif 


10*500 






0.0 


P 


■ ■ *.'w'.'j? ' ■ * 


i0.t 


m 


1 0.1 


80,600 




1« 


9.8 


F 


NW 


«. 


m ^ 


5.0 


wtpg 


04,500 






Ifl.g 


F 




t»A 


-{ 


5.0 
0.0 


jwPf 


01,500 
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Table 60.— Number of node! (n) per cubic centimeter, etc^-Continned. 







li 




Temp. 


Temp. 






n. 

Ktim> 

b«r. 




Dftte. 


ttaic. 


J3 

8 


Wind. 




of 


#. 




EemAtki, 


IftH. 


fi^r. 






•c 


■F 


vm^ 








Mo«. 10 


S.l 


p 


NW 


10.1 


"1 




wrpf 

wht eor 


}oi,5<50 






5.S 


F 


. . . 


Sl.l 


47 




.'Efp 


58.7D0 




SO 


«.a 


F 


If wind 


13.1 


40 




41,700 






i,t 


F 


W 


134 


58 




wibTp 


34.800 






5.e 


C 




18.1 


51 




46,000 


Hftic. 


'i 


0.4 


F 


..,,^..,. 


IS. I 


5t 




WTK 


31.4C0 






ii.a 


C 


KW 


19.1 


51 








A.bout the iame. 


m 


0.T 


FB 

F ' 




19,1 
SO.t 


4t 

46 




wp cor 
wfblp 


eit500 
43J0O 






....^.... 






o.a 


** 




mA 


41 




Wfg 


1 70,600 




m 


».o 


F 


" MW"' 


19. t 


45 




ff'bp 


1 3EK500 






isa 


F 




19.1 


5t 




w cor 


1 39,900 






5.§ 


F 




19.1 


44 




8't*P 


BD,500 




H 


o.« 


C 


'""'n 


ie.1 


4S 




g'l*P 


39,500 


FOR. 




ll.D 


C 


If 


13.1 


IB 




wp cor 


, 50.500 






T.O 


F 




17. 1 


41 




w 1 l*r J p 


1 41,700 






i.i 


F 




19 1 


90 




wo fir 

wobg 


34.800 
91,600 




m 


%.% 


F 




10.1 


40 








IS 


c 


" NW'^ 


17.1 


a 




wpcor 


1 04,500 






4,7 


c 1 




n.i 


43 




wtE 


34300 




m 


i.e 


F ' 


*" NW"' 


n.i 


91 




»rpg' 


38,700 






ts.i 


F 




i«,i 


17 




w rp g' 


58,700 






5.fl 


P 




19.1 


84 




wtplK' 


01JIOO 
58.100 




fi 


0.0 


F 


"'"'n "" 




Sfi 








It^O 


C 




15 I 


13 






»«000 
30,5€0 




m 


0.7 


F 


iiW 


14.1 


H 




' 




]f-0 


F 




14 1 


S7 




WpCOT 


81,500 
50,900 






5,0 


F 




15.1 


SO 






so 


IKI 


C 


'"a"*' 


14.1 


84 




w by 


110,000 


Vapor* 




11 e 


C 


»w 


14.1 


38 




WTpiT 


' 08,000 






lt.3 


C 




14 1 






wrpif 


oa^joo 

04,600 






».7 


c 




10.1 


44 








&.a 


c 




10.1 


48 




wrog 


70,500 


ftain at nigfat. 


3E> 


9.3 


c 


....^.... 


10.1 






w rog- 


lOiino 






It.B 


c 


sw 


19.1 


51 




gbp 


30,500 






a.o 


c 




».l 


40 




wpcor 


54,100 




De«* 1 


0.4 


F 


'" w" ' 


19.1 


35 




wog 


83.500 






a.B 


C 




l».l 


37 




wrpr 


©4,500 






10.0 


c 


^"nw"' 


10.1 


34 




w^S' 


04J500 






1.5 


c 


Kw 


19.1 


30 




wrpff 


04,500 






S.G 


c 


N 


1ft. 1 


H 




wr^ 


64.600 






a.o 


c 




10.1 


S8 




w rg 


04,500 






e.B 


c 


■ "h ' ■ 


13.1 


S3 




w« 


04.500 






1,0 


c 


....„,... 


It J 


17 




w e s 


70,500 


Siiow% 




».i 


c 




1ft. 1 


17 




WOff 


7^.500 






fi>3 


c 




10 1 


SO 




wp cot 
wp cor 


50.600 

so,soo 






9.S 


F 


""nw"' 


n.i 


S5 




Repeated same. 




If.i 


c 


w 


10.1 


10 




WPK' 


58,7W 






4.3 


c 


w 


19.1 


10 




K bp 


58,700 






a.g 


F 




19,1 


18 




»,500 






0.1 


F 


'"'n"" 


13.1 


SO 




wgo 


QG/xn 






10-0 


F 


9 


18.1 






WOK 


S3 .600 






13*4 


c 




13 1 


31 ' 




gbp 
w rg 


41,700 
5t*,700 






B.3 


c 


" fiw"" 


18,1 


IS 








5.0 


c 




10.1 


» 




w' b p 


30,500 


Bnow at night. 




9,3 


F 


"nw*" 


18.1 


ao 




wrpg 


fl4,500 






1.0 


F 




18.1 


IS 




wrg 


70,500 






9.1 


C 


■■*3W"" 


18.1 


IS 




wo ff 

wibTp 


80,600 






1.0 


F 




18.1 


39 




43,800 






4.0 


F 


....^.,.. 


19.1 


m 




wrg 


70.500 






e.o 


F 




19.1 


30 




WOK 

ribfp 


80,500 






9.i 


C 


...,^..., 


18.1 


SO 


4.9 


41,700 


Soow'i 




is.o 


C 


»H 


18.1 


31 




wf-K 


39,500 


Do. 




4,1 


C 


W 


10,1 


31 




»og' 


41,700 






9.0 


F 


W 


17 J 


B3 




wobK 


96,000 






ts.o 


F 


w 


IS.I 


S5 




wffobg 


100,000 






S.7 


F 


w 


17.1 


SI 




w ro g 


95,000 






6.0 
9.& 


F 
C 




18.1 
18.1 


SO 
15 




w rog 
wrpg 


05,000 
: e4,50O 




10 


....^.... 






9.8 


C 




^ 


.^ — 




w yo (T 


80,000 






11.0 


C 


N^'" 


18,1 


Vt 




w'ybg 


95,000 
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Table 6o. — Number of nuclei («) per cubic centimeter, etc. — Continued. 



Date. Time. = 



Wind. 



IftH. 
Dec 10 



18 



10 



10 



SI 



SI 






Hour. 
4.0 
9.0 

IS. 7 
6.0 
9.5 

IS.O 
3.7 
9.0 

12.0 
4.0 
9.2 

1S.5 
3.& 
5.6 
9.0 

IS. 4 I 
3.0 
5.4 
9.0 
5.6 
8.7 

1S.1 
3.4 
6.4 

10.3 

12.3 
5.5 
9.7 

12.3 
5.1 
9.2 

12.7 
8.7 
8.8 

1S.7 

4.0 
6.8 

100 

12.7 
4.7 
6.0 
10.1 
1.0 
4.7 
6.0 
10.0 
12.7 
4.7 
6.0 
10.4 
12.5 
5.2 
9.6 
IS.O 
8.8 
6.8 
9.7 
12.6 
4.0 
6.7 
10.0 
1S.3 
8.6 
6.0 
11.8 
18.6 
6.0 

0.8 
lf.7 



C 
V 
V 
V 
Q' 
C 

Sn! 
Sn! 
C 
C 
F 
F 
F 
F 
F 
C 
C 
C 



Temp. ' Temp. 
• of I of ; 

appa- I atmos- 
' rat us. ; phere. 



Corona < 
colon. 



Num- 
ber. 



Rem«rk«. 




c 

F 


N 


F 
F 


NW 


C 
C 


S 


C 
F 
P 


NW 
W 


C 
C 


a 


C 




F 
F 
C 
C 

F 

C 
F 


NW 
W 
W 
W 

N 

NW 


C 

C 
C 


W 
8W 


C 




C 
C 
C 


8W 
SW 


C 




C 
C 


N 


C 




C 




F 
F 


N 


F 




C 
C 
C 


N 
N 


C 




R 

R 

R' 

Poff 


SK 
S 
N 


R^ 

P' 
P' 


B 
W 


P 




P 
C 
P 


S 
SW 


P 
P 


NW 
W 



21.1 
22.1 
22.1 
18.1 
20.1 
21.1 
21.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
22.1 
23.1 
23.1 
23.1 

23.1 

28.1 
23.1 



22.1 
22.1 

23.1 
28.1 
23.1 
23.1 
25.1 
24.1 
14. 1 

28.1 
23.1 
28.1 
22.1 
22.1 
22.1 
22.1 
23.1 
22.1 
22.1 
22.1 
28.1 
28.1 
28.1 
28.1 
28.1 
23.1 
23.1 

25.1 
26.1 



16 
11 
19 
20 
19 
26 
26 
21 
25 
28 
13 
21 
23 
20 
14 
26 
28 
28 
30 
20 
20 
30 
80 
30 
31 
32 
20 
27 
34 
40 
30 
35 
34 
31 

3. I 

28 
22 

"'I 

82 
81 
31 
40 
47 
46 
46 
34 
20 
25 

15 
22 
21 
21 
25 
28 
20 
88 
41 
42 
30 
30 
47 
42 
84 
48 
46 
44 

46 



em. 
6.K 
6.8 
6.0 
6.1 
7.1 
4.8 
4.0 
6.1 
5.0 
5.1 
7.1 
7.0 I 
5.8 ; 
6.4 I 
6.7 
7.0 
6.7 
6.1 
6.7 
6.0 
6.0 
6.2 
5.6 
6.3 
4.8 
5.0 
5.5 
6.3 
5.7 
6.4 
67 
6.0 
6.6 
6.0 
7.0 
6.7 
5.8 
5.2' 
6.6 I 
6.8 I 
7.0 I 
6.2 ' 
6.4 
5.4 
5.5 
5.5 
5.5 
4.0 
4.0 
4.5 
4.5 
6.3 
5.8 
5.5 
6.2 
5.8 
5.6 
5.3 
4.8 
4.0 
6.1 
4.8 
6.7 
5.3 
6.6 
6.8 
6.0 
6.1 
6.8 

5.0 
4.6 



K y bg 

« y bg 
y'^rg 
wrg 
wyg 

w'^bfp 

wrg 

wcg 

wbrcor 

gyobg 

gyobg 

i wcg 

w og 

gbp 

w oy bg 

i wog 

gbp 

I wcg 

w pcorl 

wrg 

wp cor 

gbp 

wlbfr 

wpcor 

wrg 

wpcor 

wrg 

w yo g* 

wcg 

wog 

wcg* 

wy'g' 

gbp 

wcg 

wp cor 

Kbp 

gbp 

gyog* 

wrg 

wog 

wpg* 

wpcor 

wpcor 

wpg 

wo cor 

w brcor 

wrcor 

wrog 

Wrg 

wcg 

wpcor 

wrg 

wcg' 

wpig' 

w Pcor 

woy cor 

w|B|p 

Rbp 
w o bg 
w Pcor 
w ro bg 
wP|g 
wrg 
wrg 
wPfK 



Snow'. 



wo cor 43.800 
w r cor 84.800 



Snow! at night. 



06.000 

95/100 

70.500 

73.300 i 
120,000 I 

30.500 I 

41.700 

73.300 

68.000 

46.000 

00.000 

00.000 

64.500 

83.500 

03.500 
\QOjiXO '■ Repeated same. 

02.500 I 

73J00 

02.500 

70.500 
100.000 I 

76.500 1 

58.7IX) 

80.500 

aoosoo 

43.800 
56.200 
80.500 
61.500 
83.500 
02.500 
70 W) 
00.000 
70.500 

-120,000 

64.500 
48.200 

[00.000 

00.000 
76.500 
83.500 
54.200 
56.200 
56J0O 
56.900 
41.700 
22.000 
32,400 
82.400 
80.600 
64.600 
56.200 
76.500 
64.500 
58 700 
50.600 
30.500 
41.700 
73300 
30.500 
09.500 
60,500 
00.000 
64.500 
70.500 
78300 
64.500 



Do. 



Rain! at night. 
Fog. 



Thaw. 
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Tabls 60. Number of nuclei (iv) per cubic centimeter, etc.— Continued. 
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Temp. 


Temp. 






ber. 




BMlKb 


Tiac 


1 


WLaiL 


of 


of 


*, 


colon. 


RcnuTka. 








tmt^m. 


phete. 








im&. 


ffoiir. 






•C 


*p 


«in. 








J«n 1 


fi.S 
9,5 






«l,l 


41 

41 


3.0 

5.1 


cor 

w br b ( r 


10,500 
40,000 




] 


■"b "" 






II.O 


c 


8 


n,i 


44 


5.8 


wcg 


04,500 






*.7 
9.4 


cm* 




IS. I 
SS,1 


44 
87 


A. 8 


wog 
cor 


90,000 
15.000 




M 


...„^.... 






it.e 


c 


H 


».t 


«i 


4.0 


cor 


njxo 






5.& 

0.8 


caul 

CSa 

CSnr 




n.i 
n.i 
a.i 


30 

M 
17 


8.7 
4.7 

7,0 


cor 
w b p 
yobg 


17,500 
37J0O 

IICMW 










i 


"■"n*"* 






11,7 


F 


K 


ti.i 


18 


fi.O 


yoy 


lOOgOOO 






S.S 


P 




tt.i 


17 


0.8 


yory 


ofi/no 






«,0 
lOJJ 


F 

P 




tt.i 
io.i 


11 
14 


6.0 
0,3 


wcir 

wcg 


TOJiOO 
7«t500 




s 


■ W'""' 






IS.8 


F 


W 


».i 


n 


0.8 


yoK 


90,000 






11-7 


P 

CS11 

C 




10 J 
10. 1 

30.1 


18 
14 

SO 


e,o 

0.8 
0,0 


y'oK 

weg 


70,500 
05,000 

70.500 




6 














fi.8 
B.5 


C 

R] 




30. 1 

a,i 


90 
40 


0.0 

4,7 


wcg 

«r o|g 


70.800 
^,300 


Rals!iit8lg1lt 


7 




G«le. 




it.e 


C 


""»"" 


ti.i 


48 


5.8 


w P cor 


S«,TOO 




e 


9.7 


P 


W 


18.1 


SI 


5,7 


W PCOT 


81,500 






1.0 


V 


w 


17.1 


34 


e.o 


wcg 


TOiOO 






e,o 


P 




15,1 


SI 


5.3 


w P cor 


60,500 







0.0 


F 


■ w ■" 


17.1 


S£ 


O.f 


wcg 


70.900 






IKS 


F 


NW 


17.1 


SI 


5,0 


w Pcor 


43,800 






4.3 


P 


dw 


17.1 


31 


6.3 


wcg 


80,500 




10 


10. Q 


F 


w 


10.1 


37 


5.7 


w P cor 


81,500 






11, -r 


F' 


w 


iO.1 


39 


4.3 ; 


rsp 


18^)00 






6.0 

0.1 
».5 


F 
C 
C 
C 
CR' 




11.1 

10.1 

11.1 

11.1 


u 

31 
31 
3S 


1.0 
4.7 

4,7 
4.0 
5J 


w B p 

w^ B p 
w'U p 
w Pcor 


41,700 
37.100 
37,100 
84,800 
40^000 




11 


















11 


"s "* 






11.0 
3,5 


C 

R 




«.l 
n.i 


39 
40 


«.o 

5.S 


wog 

w Br cor 


00,000 
50,500 


Fog. 




"n '" 




IS 


0.0 


F 


NW 


X3.I 


sa 


5.3 


w Bt cot 


50,500 






4,0 


C 


N 


11.1 


18 


0,8 


wog 








D,0 
10.1 


F' 
P 




It.l 

EI.l 


16 

10 


5.8 
0,4 


wc 1 g 
1 wcg 


64.500 
83,500 




14 








1.3 


F 


NW 


19, t 


u 


0.7 


wog 


oa>5oo 






4.S 


P 


W 


19.1 


10 


5,4 


w Br cor 


54,100 






B.l 
10,7 


F 
P 




10.1 
10,1 


18 
18 


5.5 
0.8 


wPlg 
wog 


5flJ00 
iKvOOO 




IG 


'- ■^■■" 






11.7 


F 


W 


10.1 


n 


0.8 


wog 


00,000 






©,0 
9.4 


P 
F 




10.1 
10,1 


n 


5.8 
0.4 


wPg 

gyobg 


01,500 
«3,500 




19 


..,.^..., 






5,0 


P 




19,1 


m 


09 


lOOjOOO 




I? 


9.7 


F 


""w""' 


10.1 


£8 


a.o 


wcg 


TOJiflO 






1.0 
0.4 


C 




lO.l 

11.1 

n.i 


30 
33 


0.0 
0.1 

0,0 


wcg 

wrg 
wcg 


70,500 
7B.50U 
7OJ00 










18 


"c' ' 


,.,.^.... 






4.t 


C 


N 


ILl 


51 


4.4 


cor 


30,000 






A,0 


C 




11.1 


U 


4,4 


wrg 


30,000 




li 


9.S 


F 


'' sw"" 


n.i 


8» 


5.3 


wBTCOr 


30,500 






ii.3 


F 


w 


11.1 


45 


, 6,7 


w P cor 


61.500 






5.0 


F 


w 


11-1 


iS 


Q.O 


wcg 


70,500 




IQ 


9.7 


P 


w 


».i 


41 


4,7 


g b p 


37J00 






0.3 


F 
P 




»,i 

B 1 


41 


4.8 
5.5 


s\h p 
w Pcor 


1 30,500 
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Il6 NUCLEATION OF THE UNCONTAMINATED ATMOSPHERE. 



Tablb 6o. — Number of nuclei (») per cubic centimeter, etc — Continued. 
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NUCLBATION AT PROVIDENCE. II7 

Tablx 60. — ^Nmnber of nuclei {n) per cabic centimeter, etc. — Continued. 
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Il8 NUCI.EATION OF THE UNCONTAMINATED ATMOSPHERE. 
Tabl£ 6o. — Number of nuclei (») per cubic centimeter, etc. — Continued. 
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Tablb 60.— Number of nuclei {n) per cubic centimeter, etc. — Continued. 
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All data are given in the upper curves of figures 95 to loi, the 
abscissas showing the current times, the ordinates the nucleations, 
in thousands per cubic centimeter The usual symbols of wind and 
weather are inserted, R denoting ratn, R' rainish, Sn snow, etc. The 
lower curves have already been referred to and are the cotemporane- 
ous data found by Mr. Pierce at Block Island. 
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85. Comparison of tbe data for Proyldence and for Block Island.— A 

discussion of the details of the type of restilts obtained for Providence 
has already been given in the Smithsonian report (loc. cit.)> and the 
new data add no essential novelty. It will suffice, therefore, to com- 
pare the two classes of curves throughout their extent. 

Figures 95 to loi show the daily record of the nucleations of Provi- 
dence (upper curve) and of Block Island (lower curve) in thousands 
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Fig. 95.— Showing daily record for November z to 29. 



of nuclei per cubic centimeter for the dates given by the abscissas, 
i.e.f from November, 1904, to May, 1905. The prevailing winds and 
weather and the temperatures of both places are roughly given on the 
curves. 

In the earlier results, from November, 1904, to January, 1905, there 
is as yet no striking opportunity for comparison, except that both 
cases show a general rise of nucleation to the high maximum follow- 
ing December 14 and December 20. It is clear that similarity in the 
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two cases must be marred by the snow effect, which is necessarily of 
tineqtial value in the two cases, the depression being as a rule larger 
and more striking as the antecedent nucleation is higher. On Decem- 
ber 12 the two curves behave similarly, but not so December 3, 8, 13, 
18, 21. The remarkable depression of the upper curve on December 
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Fio, 96. — Showing daily record for November 29 to December 27. 

24 is noteworthy. Some instances of detailed similarity (December 4, 
9, 20, etc.) might be pointed out, but in general the curves in their 
details are dissimilar. 

Differences in winds and temperatures, here as elsewhere, are in the 
main influenced by the times at which observations were severally 
made. The two sets of results show, as a whole (beginning with 
November 27), the state of high contamination of the atmosphere of 
Providence as compared with that of Block Island. Rarely do the 
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former carves dip down to meet the latter, while the nucleation may 
be 50 or more times greater. The difference mnst be due (since it is 
exaggerated in the winter months) to the originally ionized products 
of combustion. The two curves give evidence of a rapid self-purifica- 
tion (probably due to dilution) of the atmosphere, from which it follows 
that the nuclei observed in Providence are to a large extent generated 
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Fig. 97.— Showing daily record for December 27 to January 24. 

there. It would be hazardous to assume, however, that all the nuclei 
are artificially generated, and Mr. Pierce is of the opinion that there 
is an outstanding nucleation in the Block Island results which can 
not in this manner be explained away. 

The early part of January is subject to rains, and the sustained 
maximum at Providence following January 4 is but obscurely repre- 
sented at Block Island. On the other hand, the maximum following 
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Jannaiy 13 is fiiirly well reproduced at Block Island and coincident 
high valnes on January 16 are probably not due to chance. The 
same may be said of January 23. 

Toward the end of February the pronounced maximum in the Block 
Island results (February 23-26) is in keeping with the Providence 
data. The sustained high wave of nucleation at Block Island from 
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Fig. 98. — Showing daily record for Janaary 24 to February 21. 

February 26 to March 4 does not correspond to an equally sustained 
case at Providence, though the nucleation is at times high. In this 
region there are instances (not cotemporaneous, however) in which 
the Block Island nucleation exceeds that of Providence. 

Following January 25 the extremely high nucleations which hold 
general sway up to February 6 are well reproduced by both curves. 
There are here some striking coincidences, as on February i, 8, etc., 
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with divergences on February 2, 3, etc. The exceptionally high 
results for Block Island on February 11, 14, 16, 18, penetrate, as it 
were, into corresponding elevations in the upper curve. In fact, 
between February 10 and 20 the wave of both places is of the same 
general type, with the Providence data somewhat behind the other in 
phase. This is one of the most interesting parts of the results. It 
may be seen more or less clearly on February 3, 4, 7, 11, 14, 16, 18. 
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Fig. 99.— Showing daily record for February 21 to March 21. 

Late in March (8-20) there is a final attempt at a sustained maxi- 
mum at Block Island, while the Providence data gradually decrease 
to the rain on March 20. From March 20 to March 31 both curves 
are relatively low. March 31 to April 4, April 6 to April 11 » April 
14 to April 18, show a distinct tendency of both curves to pass through 
moderate maxima. The remaining data to March 4 are too low for 
further comparison. As a whole, therefore, little more than a general 
correspondence can be made out, in which the correspondence of excep- 
tionally high winter nucleation correspond in the data of both stations. 
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Tablb 6i.— Average daily nucleations of the 


atmosphere at Providence, 1904-5, 
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86, kyengt daily nncleatioiis.— These are given in table 61 , together 
with the date and the weather. They are further shown in the chart, 
figure 102, where the abscissas denote the successive days and the 
ordinates are the corresponding nucleations in thousands per cubic 
centimeter. The diflFerent points are distinguished by the usual 
Weather Bureau symbols, # O © , r, Sn, etc., so that the weather 
conditions are included in the curves. 




Fig. 102. — Average daily nucleations in thousands per cnbic centimeter at Providence 
(upper curve) and at Block Island (lower curve, excepting the data marked 
with a circle, which were taken at Providence) for November, 1904, to May, 
1905. 

This curve is quite distinct from the types obtained in 1902-3 and 
1903-4 and shown in my earlier report,* inasmuch as the new curve 
has an incidental strongly marked maximum in February. Other 
features, however, appear as in the earlier figures. Thus, there is a 
definite tendency to reach a maximum in December. 



* Smithsonian Contributions, Vol. XXXIV, 1905. 
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Table 62. — Average monthly nncleadons. 



Month. 


Providence. 


Block Island. 


Ratio. 










ifXlO-*. 


if'XlO-*. 


nin'. 


November. 
December . 


53.0 
68.6 


<(7.o) 
7-1 


9.7 


January . . . 
•February. . 

March 

April 

May 


66.1 

71.5 
47.0 
40.3 


5-4 
13.9 

7-9 
5.0 

<(5.i) 


12.3 
5.1 
5-9 
8.1 



*The February efifect. which is merely superimposed at Providence, becomes 
fundamental at Block Island. The ratios show that it outlasts March and even April. 
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Fig. 103. — Average monthly nncleations at Providence in thousands per cubic centi- 
meter from October, 1902, to May, 1905. The lower curve shows corre- 
sponding results taken at Block Island. 

8T. Averaf c monthly nncleattons.— The properties of the new cnrve 
just referred to appear more obviously if the monthly averages are 
drawn in their dependence on time, as is done in table 62 and in 
figure 103. In the latter the data for 1902-3 and 1903-4 are included, 
the points of the different curves being suitably distinguished. The 
tendency to reach a maximum in December appears in all these curves, 
but the curve for 1904-5 departs from them in its pronounced march 
toward the duplicate maximum in February, after which, however, 
there is clear agreement between the 1903-4 and 1904-5 curves, neither 
of which falls to the low nucleations for March, April, etc., in 1902-3. 
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The chart, moreover, contains the average monthly nucleations 
observed by Mr. Pierce at Block Island. It is interesting to note that 
the general march here is the same as at Providence, a definite tendency 
toward a maximum in December and then a relatively enormous maxi- 
mum in February, from which there is slow descent to the summer 
nucleation which would be nearly vanishing. To accentuate these 
relations, figure 104 has been drawn, in which the nucleations at 
Providence and at Block Island are given in ten thousands and in 
thousands of nuclei per cubic centimeter, respectively. The same 
February disturbance is thus superimposed on the high local nuclea- 
tions due to combustion, etc., at Providence, which exists in compara- 
tive freedom from local discrepancy at Block Island. It is hard to 
resist the conclusion that so marked an interference with the usual 
distribution of nucleation can result from local or terrestrial causes. 
Thus, the average March nucleation at Block Island exceeds the 
December nucleation, while the April nucleation is nearly as high as 
the January nucleation. 
14 




I p JSne. 
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Fig. 104. — Average monthly nucleations from November, 1904, to May, 1905, at Provi- 
dence in ten thousands per cubic centimeter, and at Block Island in thousands 
per cubic centimeter, showing the probable run of the curves in the absence 
of the February maximum and the coincidence of the mazimaland the minima. 
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Mr. Pierce has compiled the following stimmary of monthly averages 
of vapor pressure, temperature, barometer, sunshine, rainfall, etc. 
Of these the data for temperature and precipitation are most important. 
The latter was, in fact, a minimum (0.05) in February, but diflfering in 
value but slightly from November (0.06) and March (0.07). It is not 
probable that any eflfect was thus produced. Similarly the tempera- 
ture is a minimum in February (25®), differing, however, by but 3® 
from January (28®), while the nucleation is more than doubled 
(14/5.4). Moreover, the December maximum of nucleation does not 
exist for temperature. It seems, therefore, equally improbable that 
for so small a difference of temperature, so enormous differences in 
general combustion (if this were the cause) could be evoked, and more 
likely that both the temperature minimum and the nucleation are 
different effects of some other common cause. 



Table 63. — Meteorological Data. 



Average values of — 



1904. 



Nov. 26-30. 



Dec. 1-22, 
30. 31- 



1905. 



January. 



Febru- 
ary. 



March. 



Vapor pressure 

Temperature 

Relative humidity 

Sunshine 

Precipitation 

Range of temperature variation 

Wind velocity (hours) 

NE. to S 

SW. toN 

Cloudiness 



159 
38 
68 

3-3 

.06 
13.0 
22.3 
.00 
i.o 
.46 



128 

30 

76 
2.7 
.09 

11.4 

22.9 
.23 
.78 
.70 



116 

28 

73 
6.4 
.08 

11.7 

24.2 
.19 
.81 
•44 



96 

25 

70 
6.8 
.05 

12. 1 

22.2 
.18 
.82 
.40 



166 

32 

81 
7.8 
.07 

10.8 

15-5 
.37 
.63 
•47 



There does not» therefore, seem to be in the weather conditions in 
February any reason for so marked a change in the nucleation. 
Neither is the temperature low enough nor the rains sufficiently infre- 
quent to account for the accumulation of nucleation observed. 

These facts also appear in the ratios in table 62, showing that whereas 
the Providence nucleation was 10 to 12 times larger in December and 
January than the Block Island nucleations, the ratios fall off to but 5 
in February, from which low datum they slowly recuperate. 

Sa. ConclOSioiL— While the Block Island observations have there- 
fore proved that much the greater part of the nucleations observed at 
Providence is of local origin, it has not proved that all of it is of this 
character. In fact, there remains a residue of 5 to 10 per cent of the 
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observed nucleation in question, which is still present and undergoing 
phenomenal variations in places remote from the habitations of man. 

Moreover, the arithmetical character of the fluctuation of nucleation 
in the lapse of time is the same at the two stations, however widely 
the geometrical character may differ. It is thus probable that in both 
cases there is superimposed on a local nucleation (large at Providence 
and vanishing at Block Island), fairly constant for long periods during 
the winter months, a specific effect, due to causes which are certainly 
not local. In fact, the same character of variations was observed at 
the two stations in spite of the fact that the air under examination is 
necessarily quite different. 

The outstanding February maximum may be a distant land effect, 
due to artificial causes, chiefly combustion, and nearly uniformly dis- 
tributed over the whole inhabited territory ; but from the suddenness 
of its appearance, its pronounced character, and the extended occur- 
rence as instanced at both stations, one is tempted to regard it as an 
actual invasion of the atmosphere on the part of some external radia- 
tion or nuclei-producing agency. 

It would have been better if the pressure difference at the station, 
where the air is relatively pure had been more nearly equal to the fog 
limit of dust-free air (8^=22), /. ^., decidedly above the fog limit for 
ionized air (8^ = 19); but at the outset it was thought wise to avoid 
this complication. In such a case the coronas reached by the present 
method (8^=17) would all have been obtained; but in the compara- 
tive absence of ordinary nuclei, a response from ionized material might 
be anticipated. The treatment of filtered air, however, for purposes 
like the present or the interpretation of the results obtained is an 
extremely precarious matter, as I shall point out in a subsequent 
paper. Meanwhile we may note that the curve of average monthly 
nucleations is apt to show a maximum and minimum, respectively, at 
about the time of the winter and summer solstices, and that any defi- 
nite fluctuation from this curve is due to causes which are at least 
nonlocal in character. 



CHAPTER VI. 

SUMMARY AND CONCLUSIONS. 

89. Introductory. — Researches have been made both with respect to 
the ordinary relatively large or dust-like nuclei contained, i, e., such 
as will not pass through the cotton filter, and with respect to the 
nuclei much smaller in size and probably belonging to the molecular 
system of air, as they are inseparable from it by filtration. Nuclei of 
the former class are usually (though not necessarily) foreign in char- 
acter. Those of the latter class may also be so ; but as they are 
demonstrably small, even when compared with the ions, and are 
speedily reestablished if withdrawn from the air, their true nature may 
be that of colloidal air molecules. Being present in thousands and 
millions per cubic centimeter, in proportion as the order of molecular 
size is approached, they are not to be identified with the ions for this 
reason alone, as the number of the latter is insignificant in compari- 
son. From what has been stated, colloidal air molecules (nuclei) can 
not be regarded as stable chemical bodies, since, if precipitated by 
condensation, they are immediately reproduced in the medium of moist 
air out of which the precipitation took place. They can not be brought 
to vanish in long periods of decay. In fact, the coronas of filtered air 
attain their maximum size after long waiting ; for in this way all other 
larger nuclei which may incidentally be present are brought to vanish. 

Hence one must conclude that the nuclei which pass the filter are 
present in a definite ratio dependent on the conditions of chemical 
equilibrium of the most general kind.* As a rule, for each such 
nucleus which decays, another is generated in the nonenergized dust- 
free air in question, leaving the nuclear status constant. 

If we, furthermore, suppose that the formation of a nucleus is accom- 
panied by the expulsion or the absorption' of a corpuscle representing 
the ionization, it is clear that a very high degree of nucleation may 
be compatible with a very low order of ionization, such as is the case 
with ordinary dust-free air ; for the concomitant ionization represents 
the degree to which a decaying nucleus is not at once replaced by a 
newly generated nucleus of the same type, and vice versa. In other 
words, the ionization present represents the oscillation of the S3rstem 

* Including the effect of internal and possibly external radiations. 
132 
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around its state of chemical equilibrium, the sense of the departure 
being in the long run as frequently positive as negative. 

These are the chief features of the hypothesis by which I have been 
guided in my work. It will now be desirable to present an outline 
of such facts bearing on the whole question as occur in my own 
researches. To obtain suflSciently varied conditions it will manifestly 
be necessary to produce nuclei in the condensation chamber (briefly 
called the fog chamber) itself, without introducing foreign material. 
This may be done by aid of the X-rays or the beta and gamma ra3rs of 
radium, preferably to the exclusion of the emanation and even of the 
alpha rays. Changes of nucleation so obtained may be regarded as 
arising out of the dust-free contents of the fog chamber. 

90. NotatioiL — ^The nucleations, A^, referred to in these paragraphs, 
are computed from the angular radius, ^, of the corona seen in the 
fog chamber and the quantity of water precipitated in the given exhaus- 
tion, in the way detailed in my report to the Smithsonian Institution 
(1905). In the figures, which for brevity are referred to in place of the 
tables, D denotes the distance of the X-ray bulb or the radium tube 
(of thin aluminum, hermetically sealed) from the near end of the fog 
chamber. Exp, is the time of exposure in minutes to the radiation 
stated ; Lp, the lapse of time after exposure to the radiation ceases, 
or the time during which the nuclei under observation are left without 
interference. The abscissas (unless otherwise specified) frequently 
indicate the number of an observation ; t . ^., they are merely distribu- 
tive and represent the character of successive phenomena to the eye. 
The fog chambers used were sometimes rectangular boxes of wood 
impregnated with wax and provided with plate-glass windows; at 
other times clear glass cylinders, 15 cm. long and 15 cm. or more in 
diameter. The latter case insures greater freedom from traces of 
leakage, but coronal aperture, 2 ^, must be measured parallel to the 
axis of the cylinder. Usually the chord, 5, for a radius of 30 cm. 
will be given, so that 2 sin <^ = j/30. 

Exhaustions are preferably made at a pressure difference (8^) 
between the outside and inside of the fog chamber, just below the point 
(to be called fog limit Ip^ at which dust-free nonenergized saturated 
air condenses without foreign nuclei. Ip^ depends on the particular 
apparatus used. 

9L Fleeting nuclei— Ions.— Let the X-radiation to which the dust- 
free air is exposed be relatively weak, so that the density of ionization 
may remain below a certain critical value. The nuclei observed on 
condensation are then very small, and they require a high order 
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of exhaustion, approaching but alwa3rs below the fog limit of non- 
energized air. They are usually instantaneously generated (within a 
second) by the radiation, so that their number is definite independent of 
the time of exposure. They decay in a few seconds after the radiation 
ceases, /. e,, roughly, to one-half their number in 2 seconds to one-fifth 
in 20 seconds, in the usual way. {Cf. Chapter III, figs. 42, 43.) I 
fancy that these nuclei are what most physicists would call ions ; but 
nevertheless the particles are not of a size, the dimensions depending 
on the intensity of the penetrating radiation to which they are usually 
due, and they pass continuously into the persistent nuclei, as shown in 
the next paragraph, where decay of ionization and of nucleation are 
very diflFerent things. They are abundantly produced by the y-rays, 
which, though weak ionizers, become from this point of view strong 
nucleators (section 16). Finally (section 6) they are stable on solution. 
The case seems rather to be one in which the rate of decay exceeds 
the rate of production. The following is an example of data bearing 
on this case, A^ being the number of nuclei caught per cubic centimeter 
of the dust-free air at normal pressure. The anticathode is at a dis- 
tance from the fog chamber and the exhaustion carried to the verge 
of the fog limit of dust-free air. 

Time of exposure (rays on), o 5 15 30 60 120 sees. 

A^X lo"*, *i.6 74 74 — 74 — 

Time after exposure (rays ofiF), . . . o 5 15 30 60 120 sees. 

NXio~^, 92 30 23 18 10 4 

The two series refer respectively to generation and to decay.f 
If A^ is expressed in thousands of nuclei per cubic centimeter, and 
time, /, reckoned in seconds, and if ijN=a+bt, so the dNjdi= ^dN^, 
the datum *=o.oo2 reproduces the results satisfactorily, while a simple 
exponential law will not do so. The decay is of the kind characteriz- 
ing mutual action between ions. In figures 42, 44, Chapter III, com- 
puted data are distinguished by crosses. 

92. Fog limits of fleeting nucleL— The mean increment of nucleation, 
BN, per centimeter of increment of pressure difference, 8/, varies 
very rapidly as compared with the fog limit, 8^, so long as the refer- 
ence is to the interval of large variation. It makes no difference by 
what radiation the nucleation is produced (X-rays or other radiation), 
8 A78 (8^) is rapidly larger as the intensity of ionization is greater, 
while 8/0 becomse slowly smaller within the' interval in question 
(Chapter III, figs. 49, 63 to 68). Below the fog limit of air and 

* Fog limit of dust-free air just exceeded. 

t Including loss by diffusion or other time loss. 



PERSISTENT NUCXEL 135 

slightly above the fog limit of the ionized medium the following data 
are typical. N^i shows the number of nuclei caught when 8^ = 21 
cm., which lies within the pressure interval stated. 

Radiam (10,000 x) 



Z>= 200 


«/• 


= (20.5) 


50 




20.4 


25 




20.3 







20.1 
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(19.7) 


5 




19.6 



I 10" 


•«A^/«(«/)= 4 


5 

10 
18 


(4. 
20 


10 


16 


22 
45 
50 


{24) 
(33) 
36 



X-ra)rs 

The full A^ curves are best given graphically. Data for the radium 
at Z? = 100-200 cm. are scarcely distinguishable from air (fig. 68, Chap- 
ter III) except near the fog limit; for radium at Z? = 10-25 cm. they 
lie close together, above the former and below the data for D = o. 
With these, the X-ray eflFects at Z? = 10-50 are in sequence. Thus 
there is general continuity between the air curves, the radium curves, 
and the X-ray curves. As a whole, the curves for D and 8^ are 
doubly inflected; relatively large (efficient) nuclei are rapidly fewer 
in number as 8^ decreases ; relatively small nuclei are also rapidly 
fewer in number as 8^ increases. Nevertheless the efficient nuclei of 
intermediate dimensions are of all sizes, while this size tends to become 
more uniform as the ionization is greater, 1. ^., the slopes of the curves 
become steeper. Gradation is accentuated for the case of weak ioniza- 
tion. The case of nonionized air is shown in figs. 45, 46, Chapter III. 

The efficiency here referred to depends not merely on the apparatus 
(suddenness of exhaustion), but in particular on the degree to which 
larger nuclei are present, remembering that all the nuclei in question 
are produced in dust-free air. As the nuclei are essentially graded in 
size, the larger soon capture all the available moisture to the exclusion 
of the smaller, and the coronal diameter ceases to increase with 8^. 
The question will be specifically treated elsewhere. 

93. Persistent nucleL— if the X-ray bulb is approached nearer the 
fog chamber, or if a more efficient bulb is used, so that the density of 
the ionization within the fog chamber is sufficiently increased, the 
rate of production of nuclei will eventually exceed the rate of decay. 
(See figs. 50, 51 , 67, 84, Chapter III.) Under these conditions there is 
not merely an increase of number in the lapse of the time of exposure 
to the radiation, but essentially an increase of size, t. ^., the nuclei 
grow indefinitely. They are now persistent for hours after the radia- 
tion ceases. The number, A^, per cubic centimeter increases, therefore, 
in marked degree and at an accelerated rate with the time of exposure, 
certainly for 10 minutes or more, barring the invariable loss of efficiency 
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of the X-ray bulb. These nuclei are large, requiring very little super- 
saturation for condensation, and are much like any ordinary nuclei. 
They are pronouncedly of all sizes, and the initial coronas are apt to 
be distorted and stratified beyond recognition. Whirling rains (sec- 
tion 94) and fog accompany the first condensation. While small nuclei 
occur throughout the chamber, the end near the bulb is at first the 
seat of growth, which gradually extends to the other end, as I have 
shown elsewhere.* The following two series of data, showing the 
generation and decay of nuclei in question, may be cited as illustra- 
tions. The pressure diflference, 8/= 20 cm., is much below the fog 
limit for dust-free air, in the given apparatus. 

Time of exposure o 5 zo 20 60 t20 180 sec. 

A^Xio-* o 2 II 10 80 t(ioo) t(50o) 

Time after exposure.. o 36 85 240 minutes. 

A^x lo"* (100) 36 20 Vanishing. 

Hence there is a decay of one-half in 10 minutes and of one-fifth in 
80 minutes, or the degree of persistence is 200 to 300 times larger than 
in the first paragraph. The data indicate, moreover, that both of 
these extreme types of nuclei and all intermediate types now occur 
together, as may be tested by changing the pressure diflFerence, 8/, on 
exhaustion . ( C/*. fig. 5 1 , Chapter III , for 8/ = 25 .) Intermediate rates 
of generation and decay may be obtained by moving the bulb nearer 
to or farther from the end of the fog chamber. Finally, the rates at 
which the nuclei and the ionization severally decay, between which 
it would be difficult to distinguish in the case of the very fleeting 
nuclei, stand in sharp contrast with the persistence of the nuclei of 
the present paragraph. 

If N be expressed in thousands of nuclei per cubic centimeter, and 
time of decay, /, in seconds, the equation ilN=a+di (for which 
there is here but little justification) shows that *=o.ooooi3, over 200 
times smaller than in section 91. {Cf. fig. 50, Chapter III.) 

First exhaustion data of the generation of persistent nuclei are diffi- 
cult to obtain, because the coronas soon become heavy fogs, distorted 
beyond recognition, and the fog limits variable over wide limits, often 
approaching vanishing smallness. The number of persistent nuclei 
generated varies with the time of exposure at an accelerated rate, as 
if the nuclei themselves assisted in the generation. {Cf. section 100 ; 
also fig. 84, Chapter III.) For instance, at 8/= 19.7 cm., after the 
times of exposure, 1,2,3 minutes, the nucleations were N= 10-' 22, 77, 
(120), respectively. 

* American Journ. Sci.. XIX, 175. 

t Computed from second exhaustion, after subsidence of the dense fogs of first. 
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94. Fleeting: nuclei become persistent on solution— Orlein of rain.— 
Let the fog chamber be exposed to radiation for a few seconds and 
thereafter exhausted (8/= 25) as usual. Closing the exhaustion cock 
and allowing only time enough to measure the first corona, let the 
influx cock be opened and the fog chamber be refilled with dust-free 
air. The (primary) corona observed is thus dispelled before much 
subsidence of fog particles can take place, though the rain will natu- 
rally drop out. If the fog chamber is now left without interference 
(the radiation having been cut off immediately after the first exhaus- 
tion) for one or more minutes or longer, a second exhaustion to the 
stated limits will show a large (secondary) corona relatively to the 
primary corona. In other words, relatively many of the fleeting 
nuclei or ions caught in the first fog have persisted, whereas without 
condensation they would have vanished at once after the radiation 
was cut off. (Cf, figs. 56-59, Chapter III.) The following is an 
example of data bearing on this point, t denoting the time elapsed 
from the evaporation of the first corona to the precipitation of the 
second, A^i the number of nuclei in the first, and A^, the number in 
the second corona: 

Sees. Sees. Sect. 

/— 60 120 300 

iViXlo"*— 53 27 53 

A^jXlo"*— 16 7 15 

The experiments are complicated by the variable X-ray bulb ; but 
it is obvious that while all the nuclei would have vanished in a few 
seconds without condensation, about one-fourth (in other experiments 
more) persist indefinitely, if reevaporated after condensation from fog 
particles. 

This result has an important bearing on the whole phenomenon of 
condensation and nuclei. Clearly the latter, after the evaporation 
specified, becomes solutional or water nuclei, in which the original 
fleeting nucleus or ion behaves as a solute. The decreased vapor 
pressure due to solution eventually compensates the increased vapor 
pressure due to curvature, after which, at a definite radius, evaporation 
ceases and a water nucleus results. Such a nucleus, however small, 
must be large in comparison with the dissolved ion. Hence, on con- 
densation, the water nuclei will capture the moisture soonest and grow 
largest. Now, in any exhaustion about one-eighth of the fog particles, 
/. e,, those which are smallest and whose nuclei have been caught at 
the end of the exhaustion, regularly evaporate into the larger parti- 
cles to a residue of water nuclei. These are, then, the first to be 
caught in a succeeding exhaustion. This is the explanation of the 
rain which not only accompanies all coronas in dust-free air, but is 
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often dense. It is also an explanation of those indefinite alternations 
of large and small coronas (periodicity). 

Further experiments in the wooden fog chamber showed that 25 to 
50 per cent of the fleeting nuclei could be caught and made stable on 
solution. The mean datum of all results, irrespective of the time inter- 
val (the effect of which within a few minutes is probably inappreciable), 
is a preservation of 39 per cent on reevaporation of the originally 
fleeting nuclei from the fog particles condensed on them. In the 
absence of subsidence of fog (which can not here be allowed for), the 
result would be larger. In the glass fog chamber, which could be 
made rigorously free from leakage, but in which the subsidence loss 
was greater, 20 per cent persisted, while all but 2 to 5 per cent were 
lost in one minute in the al)sence of solution. Persistence in the i to 
3 minutes following evaporation was not appreciably different, indicat- 
ing long periods of decay. {Cf, fig. 60, Chapter III.) 

95. Solutional enlargement of the nuclei of dust-free air.— The most 
interesting case observed is the marked decrement of the fog limit of 
dust -free air producible by solution of the nuclei. {Cf. figs. 61, 62, 
Chapter III.) Let the first exhaustion be made decidedly above the 
fog limit, 8^ = 22 cm. (say here at 8^ = 23 cm.), to obtain a corona of 
appreciable size. On evaporating the fog particle, let the second exhaus- 
tion be made decidedly below the fog limit (say at 8/ =21 cm.). A 
large corona, which would otherwise be quite absent, will be observed. 
Within 3 minutes about 25 per cent of the nuclei are found to persist 
After 10 minutes not more than 50 per cent were left. Whether, 
without solution, air nuclei are possibly evanescent, and therefore 
maintained by some penetrating radiation, remains to be seen. It 
should be recalled that the nuclei in question are small, even as com- 
pared with ions. 

96. Water nuclei— Solutional nuclei in general.— Apart from the 
functions suggested in sections 94 and 98, it is clear that the water 
nucleus must play an important part throughout all phenomena in 
nucleation. It seems probable that immediately after exhaustion pre- 
cipitation takes place on all nuclei, large and small, within the scope 
of the pressure difference applied. The smaller fog particles then at 
once begin to evaporate until the decrement of vapor pressure, due to 
increasing concentration of the solution, is equivalent to the incre- 
ment of vapor pressure due to decreasing size, whereupon evaporation 
ceases. This is the condition of persistence of a water nucleus, the 
ultimate size of which depends on the original strength of the solu- 
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tion partially evaporated. Clearly the water nucleus is always larger 
than the original nucleus which it holds in solution. 

Phenomena of the present kind may be examined by identically 
agitating solutions of different bodies in different solvents and of differ- 
ent strengths, beginning with the pure solvent. This may be water 
or any other volatile liquid. The number of nuclei obtained, c^st. 
par., varies both with the solvent and the solute. Thus on shaking 
I per cent solutions identically and computing the number of nuclei, 
N, from the coronas observed in each case the following data were 
found: Pure water, A^= 130; organic bodies dissolved in water (su- 
crose, glucose, glycerin, urea, etc.), A^=6oo ; mineral salts dissolved 
in water (nitrates, chlorides, sulphates, etc.), N= 1,300 ; naphthalene 
dissolved in benzol, A^= 3.500; paraffin in benzol, A^= 5,000. A 
definite demarcation of groups is thus apparent, but it is difficult to 
even conjecture an explanation. 

If the solvent is pure, the nuclei produced by shaking are exces- 
sively fleeting, a result attributable to their relatively small size. As 
the concentration increases for a given solvent, persistence increases 
with the number of nuclei produced. 

If the absorption per second takes place ct the walls of the vessel as 
the first power of the number of nuclei present, the following constants 
(^) show the character of the phenomena: 

Pure water >fe = 5-io 

Inorganic saline solutions i percent ^=0.05 

o.oi percent >fe=o.o8 

o.oooi percent /r = 2 

Neutral organic solutes in water, i percent ^=0.2 

0.01 percent >fe = o.6 

Neutral liquid organic solutes in water- i per cent ^ = 1.2 

0.01 percent >fe = 2.4 

Solid hydrocarbons in liquid hydrocarbons, i percent /; = 0.02 to 0.04 

When the solvent is a hydrocarbon, etc., the fog particles are rela- 
tively large as compared with the water particles (ccet, par,). Hence the 
coronas remain normal (white-centered and showing the usual diffrac- 
tion pattern) even when the nuclei are present in millions per cubic 
centimeter. These coronas, moreover, are intensely brilliant, and 
but for the difficulty in keeping the heavy vapors saturated, they 
would offer exceptionally good conditions for the measurement of 
nucleations. Again, the exhaustion method is available for investigat- 
ing the diffusion of the heavy vapors into nucleated air. Finally, 
sulphuric-acid nuclei, sulphur and sulphide nuclei (oxidizable to sul- 
phates) are probably a special class of water nuclei which are stable 
because they contain an intensely hygroscopic solute. 
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9T. Alternations of largfe and small coronas— Periodic distributions 
of efficient nuclei in dust-free air.— The coronas in question may be 
distinguished as superior and inferior coronas. They are obtained in 
successive exhaustions of dust-free air, under conditions of experiment 
which are quite identical, filtered air being introduced in the periods 
between the exhaustions, after all the fog particles have subsided. 
The efficient nuclei are therefore present in large and small number, 
alternately, usually in the ratio of about 8 to i. Figures 14 and 15, 
Chapter II, give an example of the changes of angular coronal diam- 
eter, 5, in the successive observations with dust-free air enumerated 
by the abscissas. The pressure diflFerence is 8/ = 31 cm. and the 
time between the exhaustions 2 minutes. Twenty exhaustions are 
recorded, but the experiment might have been prolonged indefinitely. 
In figure 17, Chapter II, there are 3-minute periods between the 
exhaustions. In figure 18 the periods are 5 minutes in length, but the 
phenomenon here vanishes. All the graphs show that relatively high 
inferior coronas (A) are followed by relatively low (/) superior coronas, 
and low inferior coronas are followed by relatively high superior 
coronas ; furthermore, that coronas of mean aperture are followed by 
coronas of the same kind, so that the periodicity ceases, as seen in 
figures 16 and 18 of Chapter II. In figure 16 alternations and steady 
aperture were obtained under otherwise like conditions. In figure 26 
the same phenomenon is exhibited in case of dust-free air energized 
by weak radium. The ordinates here show the number of nuclei per 
cubic centimeter, so that the sweep of the alternations is more striking. 

An explanation of these phenomena may be given (sections 96, 98) 
in terms of the occurrence of water nuclei produced by the evaporation 
of the small fog particles to a size at which solutional decrement of 
vapor pressure balances the increment due to increased curvature. 
In figures 14 and 15, Chapter II, the average inferior nucleations of 
dust-free air are about 12,000, the average superior nucleations over 
90,000, so that explanations in terms of negative and positive ions are 
out of the question. 

To precipitate nuclei which, as is usual, are more or less graded in 
size, in a single exhaustion, must be generally impossible for similar 
reasons. While temperature after exhaustion approaches its original 
isothermal value, the small particles caught at the end of the exhaus- 
tion to the amount of about 10 per cent of the total number evaporate 
to the water nuclei stage, to be precipitated in the next exhaustion. 
This evaporation probably accounts for the permanence of coronas 
throughout the period of subsidence of fog particles, during the early 
stages of which temperature rapidly increases. 
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98. Cause of periodicity. — In cases of large and small coronas, 
whether the persistence be attributed to electrical potential or to solu- 
tion, a water nucleus is always in question. Small fog particles are 
caught on small nuclei near the limit of exhaustion and these evapo- 
rate and become the water nuclei available for the next exhaustion. 
In general, there are three groups of nuclei {x,y, z) concerned in any 
exhaustion : A group, x, of water nuclei form the preceding exhaustion ; 
a group, -?, which will evaporate to make the water nuclei of the suc- 
ceeding exhaustion ; finally, the group y^ comprising nuclei adapted 
to become the efficient nuclei of the exhaustion in question. 

In case of periodicity the successive exhaustions follow the scheme— 

Superior corona on y\ 
Inferior corona on z\ 
Superior corona on y\ -\- y% 
Inferior corona on zs 
Superior corona on y^ -\-yh 

All the details observed with alternations are thus explained. In 
view of the rapidity of decay, the corona will be formed on the satura- 
tion value Of^'n+^n^l- 

99. Persistence in general.— This may reasonably be ascribed to the 
formation of water nuclei, a point of view carried out in my memoir 
on the structure of the nucleus (Smithsonian Contributions, No. 1373, 
vol. 29, 1903), but much enhanced by the data of the present inves- 
tigation. The heavy rains accompanying condensation in case of the 
persistent X-ray nuclei are attributable to spontaneous condensation 
without supersaturation, the nucleus acting under intense X-radiation 
like a hygroscopic solute. The same result may follow the action of 
ultraviolet light, as it certainly must result from the presence of phos- 
phorus and of sulphuric-acid nuclei. 

100. Secondary ^feneration. — This is a curious phenomenon, show- 
ing that the decaying persistent nucleus produced by the X-rays is 
apparently radio-active, or that the walls of the fog chamber are so, 
or else that the large nuclei, if left without interference, break into a 
number (on the average about three) of smaller nuclei, whereby the 
nucleation is actually increased in the lapse of time after exposure. 
In other words, if the nucleation is observed without cutting oflF the 
radiation in one case, and if in the second case the nucleation iden- 
tically produced is observed at a stated time after the radiation has 
ceased, the number in the latter case (anomalously enough) is in 
excess. {Cf. fig. 70-76, Chapter III.) The following examples make 
this clear, the X-ray bulb being 5 cm. from the fog chamber, and the 
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exhaustion carried to 8^ = 20 cm. These data are computed from the 
second exhaustions, as the first show the densely stratified fogs un- 
available for measurement. 

Rays on 2 2 2 2 2 2 2 2 2 minutes. 

Rays off o 4 o 4 o 2 020 o minutes. 

A^Xio"* 20 52 20 32 25 30 13 34 30 

With the bulb at different distances from the fog chamber, the fol- 
lowing data admit of the same interpretation (figs. 74, 76): 



Distance, Z> = 5 10 15 

Rays on 2 2 2 

Ra3rs off o o o 

N X 10"* 22 3 I 



5 10 15 cm. 
222 minutes. 
222 minutes. 
58 9 I 



The phenomenon vanishes when the radiation is too weak to produce 
persistent nuclei, therefore, either when the bulb loses eflBciency or 
when it is too far from the fog chamber. 

101. Space sarroondlni: the X-ray tube a plenum of radiations.— 

While the phosphorescent, photographic, and electric effects of X-radia- 
tion decrease rapidly with the distance, D, from the tube, the nucleat- 
ing effect (A^, nuclei generated per cubic centimeter, instantly) is nearly 
constant over relatively enormous distances.* {Cf- fig- 69, Chapter 
III.) Thus to give two examples among many (8^=25 cm.): 

Z>= 6 200 600 I 6 200 600 cm. 

A^Xio-» 88 83 83 I 79 79 79 

The laws of inverse squares would predicate a reduction of 10,000 to 
I between these limits ; and, in fact, at 6 cm. the phosphorescent 
screen is intensely luminous, at 200 cm. very dim, at 600 cm. quite 
dark, as in the case of any ordinary illumination. The leaves of an 
electroscope within a glass bell jar collapse in a time which is directly 
as the square of the distance from the energized X-ray bulb. The 
result obtained with nuclei is astonishing ; the nuclei-producing 
radiation would, at first sight, seem to be of an extremely penetrating 
kind, akin to the gamma ra3rs of radium, and distinct from the ordi- 
nary phosphorescence-producing X-rays. This impression is accen- 
tuated by the fact that the radiation can not be stopped by lead screens 
many centimeters in thickness, placed between bulb and fog chamber. 
(Cf. figs. 79, 81, 82, 83, Chapter III.) The following are typical ex- 
amples, in which the distance between the lead plates screening the fog 
chamber and the X-ray tube is Z?=6oo and 200 cm., respectively. N 

* Supposing that the fog chamber is not inclosed in impervious metal. In the latter 
case, with the lead covering open toward the X-ray bulb only, there is constancy of N 
within 20 per cent over 6 meters. 
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shows the number of nuclei instantly generated behind the lead plates 
in the two cases. 

Thickness of lead screen o 0.14 0.28 0.56 0.84 1.12 o cm. 

/)=6oocm. iVXio"' 67 28 28 31 29 31 76 

Z>— 200 cm. iVX lo""' 79 44 48 41 — 44 70 

Again, the X-ray bulb apparently emits this radiation forward as 
well as rearward, as if the thin anticathode were quite pervious. I 
found, for instance, for the radiation of the anticathode at 6 meters 
from the fog chamber — 

From the front face (tube directed), ^VX 10"' =42 
From the rear face (tube reversed), iVX io~' = 35 

or 81 per cent of the former apparently issues from the rear face (fig. 
80, Chapter III). Even the reversal of the current does not stop the 
radiation, for about 16 per cent of the normal intensity is still radiated 
when the concave mirror is made the anode (fig. 80, Chapter III). 

The total efl&cient radiation may be reduced to a limit by lead screens 
a few millimeters in thickness, or less ; thereafter it can not be further 
reduced by lead screens many centimeters in thickness. For instance, 
when the radiation comes from 600 cm., a single lead plate (thickness 
0.14 cm.) is more than suflficient to reduce the effective radiation to a 
minimum, which amounts to (somewhat less than) one-half of the total 
intensity, at least when estimated in terms, of the number of nuclei 
produced. (Figs. 81, 83, Chapter III.) If the nucelation comes from 
200 cm., one plate has the same effect, even though a thickness of 400 
cm. of air has been removed. The thickness, 0.14 cm., is more than 
enough to reduce the radiation to the limit in question. This again 
amounts to a little more than one-half the total intensity. (Fig. 82, 
Chapter III.) At a distance of 5 cm. no more plates may be needed; 
but the conditions are now too complicated to be described here, 
chiefly because persistent nucleii are producible. Moreover, 80 per 
cent of the total intensity may ultimately escape absorption. Thus 
the rays from different distances behave alike for the more pervious 
media and in relation to very dense screens. (Fig. 83, Chapter III.) 

102. Lead-cased fog chamber. — To interpret these surprising results 
it will be necessary to surround the fog chamber with a casket of lead, 
having a lid on the side fronting the X-ray bulb ; for even though the 
lead plates above may eflficiently cut off the primary rays, they would 
leave the secondary radiation free to enter laterally through the broad- 
sides of the fog chamber. When this was done the results reduced 
the penetrability of lead to a more reasonable figure, as may be seen 
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from the following example of results when the distance between bulb 
and fog chamber was 2 meters : 

Thickness of lead penetrated= o 0.14 0.28 0.42 cm. 
N X lo-^ 77 10 7 5 

/. e,, 14, 9, and 7 per cent of the total intensity passes one, two, and 
three plates, respectively. (Figs. 77, 78, Chapter III.) A glass plate, 
7 mm. thick, and an iron plate, 0.5 mm. thick, allowed about 90 per 
cent to pass ; when the casket was left open, and the lead plate placed 
near the bulb, 17 per cent of the total radiation was effective, the 
excess being of secondary origin. The passage through a plate of 
tinned iron {cf. figs. 85, 86, Chapter III) may be observed for a bulb 
6 meters distant, as follows : 

Thickness of plate. .. . o 0.05 o.io 0.20 cm. 
A^Xio-« 36 28 II 7 

It follows, then, that in the above examples (loi) nearly one-half of 
the total radiation was derived from secondary sources, since the pri- 
mary radiation was certainly stopped oflF to within 10 per cent by the 
lead plates. To the eye of the fog chamber, therefore, the walls of 
the room are aglow with radiation, and no matter in what position the 
bulb may be placed (observationally from 6 cm. to 6 m. between bulb 
and chamber), the X-illumination, as derived from primary and sec- 
ondary sources, is constant everywhere. It is to be understood that 
the X-illumination here referred to may be corpuscular. In fact, so far 
as I see, the primary and secondary radiation here in question may be 
identical ; for the corpuscles may come from the circumambient air 
molecules shattered by the shock of gamma rays. 

The fog chamber, if open at the end toward the bulb, shows the 
same total intensity ; but in such a case the inner walls of the casket, 
etc., become the source of secondary rays. 

The behavior of the wooden fog chamber in relation to rays coming 
from different distances being such as if the circumambient medium 
were equally energized with something recalling the character of gal- 
vanic polarization throughout, the following mean data are designed 
to throw further light upon this behavior (fig. 69, Chapter III). 

Fog chamber Z> = 6 50 200 600 cm. 

Wood, lead-cased io"*A''=5o 50 38 

Glass, walls 0.3 cm., bottom i cm. thick.... | ^^ tl ia 

Glass, cased in close-fitting lead tube, pro- 
longed 50 cm. toward bulb — *52 25 12 

Media pervious with difficulty eliminate the secondary radiation enter- 
ing the broadsides of the fog chamber, and to close the end toward 
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the bulb is to eliminate nearly all the rays (figs. 77, 78, Chapter III) ; 
bnt if this is open, the number of nuclei instantly generated decreases 
much more slowly than the first power of distance. The fact that to 
the very pervious wooden fog chamber the medium within a sphere of 
at least 6 meters in radius remains almost equally energized through- 
out remains a result of importance. 

103. Possibility of two kinds of radiation from the X-ray tube.— It has 
been shown that for very short exposures (sections loi and 102) the 
nucleation is the same, whether the bulb is placed at 6 cm. or 6 m. 
from the fog chamber. But only in the former case {D=6 cm.) is the 
eflfect cumulative ; only for very short distances will persistent or very 
large nuclei appear if the exposure is prolonged several minutes. I 
have, therefore, suspected that the radiation from the X-ray bulb is 
twofold in character ; that the instantaneous effect (fleetingnuclei) is due 
to a gamma-like ray, quick moving enough to penetrate several milli- 
meters of iron plate appreciably even for D=6 meters ; furthermore, 
that the cumulative effect (persistent nuclei) is due to X-light, properly 
so called, which produces the usual effects subject to the laws of inverse 
squares ; but it is noteworthy that while the penetration of X-rays 
is relatively small, and the distance effect negligible (section lor), they 
are both large for the radiation from radium (section 104). 

104. Nucleatioii dne to gamma rays.— To what extent nucleation is 

producible by gamma rays may be tested by radium inclosed in a 

thick chamber of lead. The results are strikingly comfirmatory. 

(Figs. 87 to 89, Chapter III). For instance, in case of 10 mg. of 

radium (io,oooX ) inclosed in a hermetically sealed alumimum tube and 

placed outside but close to the end of the fog chamber (bottom nearly 

I cm. thick, walls 0.3 cm. thick), the data were (fig. 89, Chapter III) : 

Radium in sealed alaminum tube io~'A''= 27 Transmission 100 

Radium in lead tube 0.5 cm. thick 23 85 

Radium in lead tube i cm. thick 18 69 

The nuclei are thus very largely due to this extremely penetrating 
radiation. By using lead tubes, capped and not capped, 30 cm. and 
60 cm. long, and placed parallel to the fog chamber and in contact 
with its sides, no evidence of secondary radiation was discernible, the 
effective radiation passing through the lead walls as specified. 

In comparison with the abundant nucleation after the penetration ^ 
specified, the decrease of nucleation observed when the tube is at dif- 
ferent distances, D, from the fog chamber is remarkably large. For 
example (fig. 90, Chapter III), 

z?= o 10 30 50 100 200 cm. 
A''Xio-*=30 13 8 5 3 2 

♦ Through 0.14 cm. of lead 10"* jV= 3 ; through 0.05 cm. of iron 10"* JV= 44. 
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If measurement be made from the line ofsight (10 cm. from the ends 
of the fog chamber), the micleation decreases less rapidly than the first 
power of distance. Hence, whereas the distance effect in case of 
X-rays is small* it is very large in case of radium. On the other hand, 
rays from radium show remarkable nucleating power after penetrating 
many centimeters of lead, whereas the nucleating power of the X-rays 
after such penetration is relatively negligible. (Figs. 69 and 78, 89 
and 90, Chapter III.) ^ 

laS. Distribution of nucleatioii wllMn the fog chamber^Radium^ 
Finally, when the rays have once entered tlie fog chamber, the nuclea- 
tion along the axis seems nearly uniform. Measurements are diffi- 
cult ; but while the nucleation decreases nearly to one-fourth when 
tlie radium is placed on the outside of the fog chamber, 40 cm. axially 
from the end, the coronas along 40 cm. within the fog chamber are 
nearly of the same aperture for any given position of the radium tube, 

106* Distribution of nucleation wltUn the fog chamber— X-rays,— 
Obviously when the X-ray bulb is at a distance from the fog chamber 
and the nuclei fleeting, they will be uniformly distributed within the 
chamber, being everywhere at saturation density for the given inten- 
sity of radiation. 

The conditions are far different, however, when the bulb, as in figure 
I , Chapter I, is near the chamber and the nuclei persistent. In such a 
case, if we distinguish between the A and the B sides of the fog chamber 
(where A is nearer the bulb), and if we use a pressure difference, S/, 
decidedly below the fog limit, ^/o, of dust-free air, the nuclei within the 
given range of condensation are for short times of exposure found on 
the A side only. The coronas are relatively small in size, roundish, 
decreasing in aperture to a vanishing angular radius from the bulb end 
of the chamber toward the middle. Beyond this, on the right, nuclei 
are too small to respond to the given pressure difference, Bp, and the B 
side remains clear on exhaustion. As the timeof exposure to the X-radia- 
tion is increased from i to 10 minutes, the nucleation of the A side 
becomes denser, coarser, and nonuniform in distribution, vertically as 
well as horizontally, while the efficient nuclei are found in continually 
increasing numbers, and at greater distances on the B side, until they 
eventually occur throughout the chamber. The growth of the coronas 
seen on the first exhaustion after successively increasing times of 
exposure show a characteristic sequence of types (figs. 2-6, Chapter I), 
as they pass (when seen through plate-glass apparatus) from roundish 
to oval, spindle-shaped, gourd-shaped with a long serpentine neck, 




DISTRIBUTION WITHIN FOG CHAMBBR. 147 

and finally wedge-shaped forms, showing, therefore, continned sym- 
metry about the middle horizontal plane or plane of vision, in spite of 
the whirling rains and densely stratified fogs which accompany the 
advanced condensations. The design lasts bnt an instant, for although 
the nuclei may be suspended in accordance with the given distribution, 
this is not possible for the heavy fog particles after condensation. 

These phenomena bear fundamentally on the origin of persistent 
nuclei, and these are obviously graded in size, decreasing firom the A 
to the B sides, as well as from the middle plane toward the top and 
bottom of the fog chamber. With regard to the latter or horizontal 
symmetry, moreover, the distortion is such that the fog particles must 
increase in size, firom the plane of symmetry down and up. 

If the gradation is linear, for instance, with a coefficient, a, so that 
d=d^—ah, where d is the diameter of fog particle at a height or a 
depth, A, from the plane of sight, and j the radius vector firom the 
coronal center to a locus of uniform color, a, the angle of j with the 
horizontal, 

j =—(fl^o/siii a) (1—1/1+2^0 sin a/^o)- 

These curves are campanulate in outline, passing from closed roundish 
to open basin -shaped forms, and two examples, a and a', are shown in 
figure 7, Chapter I. They all intersect at b and ^, and the ends lying 
outside these lines may obviously here be ignored. As the march 
firom a to a' is one of intensified gradation, the curves eventually 
becoming flat, it is clear that the horizontal symmetry of figures 2 to 6 
is suggested. The latter contain, in addition, the essential gradation 
from left to right, due to the position of the bulb. 

107. Oris:in of persistent X-ray nucleL— Admitting that the fog parti- 
cles are larger from the middle plane toward the top and bottom of 
the fog chamber, the nuclei must either be large in size toward the 
top and bottom as well as toward the bulb, or they must be smaller in 
number. The latter case may be dismissed. It follows, then, that the 
layers of stagnant, originally dust-free, air within the chamber become 
more and more rich in relatively large nuclei as they lie nearer the 
top and bottom and the end. (The corresponding e£fect toward and 
from the line of sight will, of course, remain invisible.) These large 
nuclei capture nearly all the moisture in the parts in question, giving 
rise to the whirling rains and dense fogs after condensation, whereby 
the essentially unstable character of this distribution is made manifest. 

Hence the case is such as if the persistent nuclei were generated by 
the impact of the X-rays of sufficient intensity on solid and liquid parts 
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of the vessel, recalling the wslj in which similar nuclei are produced by 
ignition and by high electrical potential, etc. Or one may state that 
the secondary X-radiation, which plays near the walls of the vessel, is 
particularly intense near those walls, so that the growth of nuclei in 
the field of ionized air adjoining is most rapid near those parts. In 
any case the number of efiBcient nuclei near the horizontal plane of 
symmetry is apparently large, because these nuclei are nearly of a size 
and all are therefore available for condensation. The number of 
efficient nuclei near the walls is smaller because large and small nuclei 
are here intermixed, and the former capture nearly all the moisture in 
those parts. The actual nucleation here must, however, be exceed- 
ingly large, and it is because of the relatively great density of the 
nucleation in question that rapid and pronounced growth of nuclei 
become possible. 

Thus there must be many nuclei which fail of capture in the first 
exhaustion, and for this reason, finally, the coronas on second (other- 
wise identical) exhaustion, without fresh nucleation or exposure to 
the X-rays, are invariably phenomenally large and may correspond to 
one-third or one-half as many nuclei per cubic centimeter as the first 
coronas. 

108. Order of size of persistent X-ray nncleL— This may be expressed 
in terms of the pressure di£ference needed to produce condensation. 
Unfortunately the coronas on first exhaustion are apt to be distorted 
or dense fogs, while as the pressure difference, hp, decreases they 
become more and more diffuse and equally unsuitable for measure- 
ment. I have, therefore, computed the [number of particles, A^i, 
present on second exhaustion for a given nucleation. These coronas 
are smaller, but sharp, and the fog particles are condensed on the water 
nuclei resulting from the first exhaustion. One may estimate roughly 
that about 10 per cent of the original number of nuclei are condensed 
in this way. The following is an example of results for 3-minute 
intervals of exposure to the X-rays (curves 38, 39, Chapter II) : 

*^=33 25 X7 9 4 17 
A^gX 10-^=15 46 47 28 14 46 

The passage through a maximum at S^= 16-20 is capable of a variety 
of explanations, and therefore of little interest. The important point 
at issue is the fact that these nuclei require almost no supersaturation 
for condensation . Filmy coronas are produced by vanishing pressure 
differences. It follows, then, that these nuclei are about of the size 
of ordinary dust-like nuclei. 
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109. Ordinary nadd. — ^The persistent nnclei of section 108 were pro- 
duced by radiation in a medium of damp air, with the specific object of 
avoiding the introduction of foreign matter into the fog chamber. It 
is well known, however, that nuclei are producible by any profound 
method of trituration which may be mechanical, as in the comminu- 
tion of water by agitation or by the impact of jets. The resources 
used may be of a more refined physical character like ignition or high 
electrical potential, or of a chemical character like combustion and 
the slow oxidation of phosphorus, etc. It is noteworthy that in all 
these processes not only is ionization present, but that the ionization 
and the nucleation produced in any definite process are proportional 
quantities. This important result is demonstrable with phosphorus 
nuclei by using the condenser and electrometer as usual for the ioni- 
zation, and the steam jet for the nucleation ; or, with water nuclei, by 
comminuting water by the aid of jets in the fog chamber, determining 
the nucleation by the coronal method and the ionization by discharg- 
ing the air laden with water nuclei through a tubular condenser. In 
both these cases a definite amount of nucleation or ionization is pro- 
ducible, and may be varied under control at pleasure. 

The slopes of the lines in the relation between the coulombs per 
second passing radially in the tubular electrical condenser and the 
liters per second of air saturated with phosphorus nuclei passing longi- 
tudinally through the condenser into the steam tube, diflFer in diflfer- 
ent experiments, whereas the colors of the field of the steam tube 
referred to volumes of charged air per minute are in general agree- 
ment ; i. ^., whereas the nucleation is a fixed quantity, the number of 
electrons per nucleus varies with the incidentals of the experiment. 
Inasmuch as the ionization is subject to relatively very rapid decay 
while the nucleation persists, a result of this kind is to be anticipated ; 
but detailed investigations on the rates at which the ions and the 
nuclei are severally produced in any given process, and their relations, 
seem to me to be of great importance, and are now in progress at this 
laboratory, 

110. Ordinary dost-free air an aggrecfate of nncleL— The steam jet * 
shows that nuclei of small relative size, but, nevertheless, large as 
compared with the molecules of air, must normally be present in dust- 
free air ; for the axial colors may be kept permanent at any stage by 
fixing the supersaturation. Such nuclei may be called colloidal 
molecules, even the largest being much smaller than the ions. More- 
over, the available nuclei to be reckoned in millions per cubic centi- 
meter increase with enormous rapidity with the supersaturation in 

* Cf, Barns : Bulletin U. S. Weather Bnrean, No. 12, 1893, Chapter III. 
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proportion as the molecular dimensions are a])proached. But even 
when the yellows of the first order vanish, condensation probably still 
takes place on the colloidal molecules specified. It is natural to asso- 
ciate these extremely fine nuclei with the existence of a very pene- 
trating radiation, known to be present everywhere. Moreover, the 
occurrence of many nuclei with but few ions is not contradictory, if 
the latter are only manifest when the former are made or broken, in 
the manner suggested above (section 89). 

IIL The nucleation of filtered air.— If the filtration is moderately 
slow, and if the pressure difference, S^, continually increases, the 
angular coronal diameter or its equivalent, 5, terminates in a horizon- 
tal asymptote, as shown, for instance, in Chapter III, figure 45 etseq. 
Hence the number of efficient nuclei in the exhausted receiver eventu- 
ally approaches a constant, specific for the given rate of filtration. 
It is probable, therefore, that extremely small nuclei or colloidal mole- 
cules (very small even when compared with ions) pass through the 
filter ; for in such a case more nuclei would enter the fog chamber 
during the influx of filtered air to replace that removed by exhaustion , 
in proportion as this exhaustion (hp) is higher. Hence s should be 
constant in the manner actually observed. The study of the succes- 
sive groups of nuclei in a scale of decreasing smallness promises to be 
interesting. 

If the current of air through the filter is successively decreased until 
its velocity all but vanishes, the asymptote in question may be raised 
enormously until the curve runs upward with a nearly straight sweep. 
Thus, for extremely slow influx of filtered air to restore the normal 
pressure after exhaustion, values like the following appear : 

*/=24 30 33 37 41 
f=rain 5.4 5.8 7.2 7.3 
N X lo-* = X 105 143 280 351 

data which, from the nature of the work, are inevitably somewhat irreg- 
ular, but which do not even suggest an asymptote, and from which 
the character of figure 46 has departed. These nuclei can not come 
through the filter, for which case j=const. would be conditional. The 
fact may also be proved by making observation but once in 24 or 48 
hours, in which interval all nuclei originally present would vanish by 
time loss, unless constantly reestablished as a case of molecular equi- 
librium, as already suggested. It is possible to filter slowly enough 
that, cat, par.^^ specific nucleation may appear for each pressure 
difference. 

Experiments have been in progress in this laboratory since May 9, 
in which the nucleation of filtered air is examined daily with regard to 
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its time variation. To guard against errors of interpretation, it was 
necessary to install two fog chambers side by side, drawing from the 
same filter and utilizing the same exhaustion system. In spite of 
the fact that all appurtenances are apparently identical, the two 
chambers do not show even approximately the same coronas or the 
same nucleation. Each behaves as if it had its own specific coefficient 
of radio-activity. Furthermore, the coronas for the same high press- 
ure difference (3^=41.5) vary in the lapse of time as if some external 
radiation were involved, though such a conclusion would not as yet be 
trustworthy. It was shown above that the efficiency of the very pene- 
trating gamma rajrs in producing nuclei is very marked, but the nuclei 
here in question are very small in comparison with the cases examined. 

112. Nucleation of atmospheric air, not filtered— Dust contents at 
Proyidence, R. I. — In the belief that a highly nucleated medium, no 
matter whence the nuclei may arise, is a medium of special interest* 
measurements of atmospheric nucleation have been in progress at this 
laboratory since 1902. Four or more observations were usually made 
by the coronal method per day, the details of which can not, however, 
here be instanced.* If the mean of the daily observations be taken, 
they make up a number of cotemporaneous series, the properties of 
which are best shown graphically. Apart from details, for which 
there is no place here, the things noticeable in the curves of successive 
years are the extremely high winter, as compared with the summer 
nucleations, the efficiency of rain in depressing the nucleations, and 
the totally different character of the curves for 1902-3 and 1903-4. 

These may be made even clearer by comparing the average monthly 
nucleations, as are shown by the graphs in figure 103 of Chapter V, in 
which the ordinates are again the nucleations in thousands per cubic 
centimeter. {Cf, figs. 102, 104.) Here the degree of difference and 
the similarities of the two curves are strongly brought out. As to the 
latter, both tend to show sharp maxima near the time of the winter 
solstice, and flat minima, much subject to rain, at about the time of 
the summer solstice. It is clear from the enormous difference of 
nucleation at the maximum and at the minimum that astronomical 
causes can not be directly involved. The origin of the nucleation 
must be in large part local, the nuclei themselves being the initially 
ionized products of combustion. Nucleation is depressed by rain, and 
possibly also (from the length of the summer day as compared with 
the winter day) by light pressure. 



*^ Cf, Smithsonian Contributions. Vol, XXXIV. 1905. 
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113. Continaed— Dust contents of atmosphere at Providence and at 
Block Island, R. L, compared. — ^To interpret the curves in question 
fully, /. ^r., to ascertain whether there may not, after all, be a cosmical 
effect, superimposed on the local effect observed, it is necessary to 
make a series of observations at a station more remote from the habi- 
tations of man. Measurements were therefore made at Block Island, 
under my direction, by Mr. R. Pierce, jr., simultaneously with my own 
observations at Providence, by the identical coronal method in ques- 
tion. The stations are sufficiently close together to have nearly the 
same meteorological elements as to wind and weather, but Block 
Island lies well out at sea, and is, in the winter at least, nearly free 
from local effect. 

The average daily nucleations for both stations are shown in figure 
I02, Chapter V, and, as was to be anticipated, those at Providence are 
much in excess. Leaving these for discussion elsewhere, sufficient 
may be learned from the average monthly nucleations in the two 
places, given in figure 104, Chapter V. 

In both cases there was an evident tendency in 1904-5 to reproduce 
the curves of 1902-3 and 1903-4, with the sharp maxima in Decem- 
ber, and thereafter a rapid march toward the flat summer minimum. 
In both cases, however, there is a new effect in February, which, by 
being superimposed on the local nucleations at Providence, does not 
appear further than as a determined departure from the curves of the 
preceding years, but which juts out into striking prominence in the 
observations at Block Island, where the local effect is relatively negli- 
gible. Apart from quantity, the fluctuations of both curves are iden- 
tical in character. 

Finally, as to causes of the usual solstitial maximum and minimum, 
and of the accessory maximum in February of this year, they may 
represent the diluted local effects averaged by the sweep of the winds 
for an enormous extent of territory. But it is quite as reasonable to 
keep one's mind open to the possibility that the February maximum, 
at least, may represent an external invasion of the atmosphere on the 
part of some external nuclei-producing agency. 
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INTRODUCTION. 



T^HE Caddo tales here presented were collected during the years 
1903-1905, under the auspices of the Carnegie Institution of 
Washington, and form part of a systematic investigation of the relig- 
ious system and ceremonial organization of the tribes of the Caddoan 
stock. 

The Caddo, numbering 530 in 1903, are of Caddoan stock, and since 
1859 have lived in western Oklahoma between the Washita and Cana- 
dian rivers, where they have been closely associated with the Wichita. 
They retain practically nothing of their ancient culture. Their early 
home was in Louisiana, on the lower Red River. Later they migrated 
toward the Texas border, and still later to Brazos River in Texas. They 
met the whites as early as 1540, and throughout their history have 
maintained a friendly attitude toward the whites. Like the Wichita, 
their early habitations were conical grass lodges, and they were agri- 
culturists, hunting the buffalo only within comparatively recent times. 

The comparison of the Caddo tales with those of other tribes is de- 
ferred until the completion of the present investigation. 

Georgb a. Dorsbt. 

Oncago.Jfdysi, 1905. 
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TRADITIONS OF THE CADDO. 



I. THE CREATION AND EARLY MIGRATIONS* 

In the beginning the sun, stars, moon, and earth did not exist as 
they are now. Darkness ruled. With the lapse of time came a man, 
the only living being. Soon after his arrival a village sprang into 
existence with many thousands of people, and the people noticed that 
the man seemed to be everywhere. For a time he disappeared, and 
when he came back he had all kinds of seeds. He called all the people 
together and told them that the seeds were for them to eat, and gave 
them to every one. He told them that soon Darkness would go, and 
the people would see, for Darkness had promised that they should have 
a man by the name of Sun, and that he should be given power by the 
Great- Father- Above ; that whenever his time should come to give them 
to the Sun he should be called or taken away from his mother, from 
our great mother Earth below ; that the direction where the Sun should 
come from should be called "east," and the way of its going down 
should be called *' west." He also announced to the people that he 
was the first being created and that he had been given power by the 
same Great- Father-Above, and that he had to carry out his work. 
He then told the people that it was very necessary that they should 
have one man abler and wiser than any other man among them, to be 
their head man ; that they should call him '* chief ; " that whatever 
the chief should command should be done by the people ; that they 
should look upon him as a g^eat father. The unknown man told the 
people to return to their homes, hold a council among themselves, and 
select a chief. 

When they had returned and assembled there was in the council a 
man by the name of Coyote, who told the people that the unknown 
powerful man should be called Moon, because he was the first man 
created on earth. The people decided that the Moon should be their 
head man or chief. Finally the Moon called the people together again 
and asked them if they had selected their head man or chief. Coyote 
told him that they had decided that he should be their head man, and 
that they had named him " Moon." After Moon came to be chief he 
selected another man, whom he called the Errand- Man, to be his helper, 

♦Told by White-Bread. 
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and to go around among the people to call them together whenever 
he might want them. 

One time the errand-man was sent out to tell the people that the 
chief wanted them to assemble ; that he had very important news to 
tell them, and that they should come as quickly as they could. When 
they had come together the chief told them that they would all have 
to move away from the world that they were living in to another and 
better world ; that he was going to lead them through, for he knew 
the way. The village which they were going to leave was called Old- 
Home-in- the- Darkness. Before the people were ready to leave, the 
chief sent the errand-man around among them to tell them that they 
were to be divided into groups, because there were so many of them ; 
that each group must have a leader, and he would give each leader a 
drum. The people began to form in groups and select their leaders. 
After the groups were all formed and each selected their leader, the 
chief called all the leaders together and gave each a drum, and then 
they were ready to start. The chief told all the leaders that they must 
sing and beat their drums as they were moving along ; that none of 
them should ever look back the way they came, lest the people should 
be stopped and have to stay where they were — ^in darkness. 

The people began moving westward, and they came out of the ground 
to another world. While they were yet coming out Coyote happened 
to be out. He began to look around, then told the chief that the world 
was too small for the people ; then he turned around and looked back 
in the direction from which they had come. The people had not all 
come out, and so half of them went back, but the others kept on going 
westward. Finally the chief picked up some dirt and threw it in 
front of him and formed very high mountains. When the people came 
to the mountains they stopped and began to make their first homes and 
villages. Moon went to the top of the mountain and looked about and 
found that the people had not all come the way he had come, but had 
scattered and gone in different directions. At the time when the people 
were all together they spoke but one language, the Caddo ; but after 
they had scattered out in groups each g^oup spoke a different language. 
For this reason the many tribes of the present time speak different lan- 
guages. When Moon came to his people, the few he had left, he told 
them the name of the place in the ground from which they had come. 
He told them that the direction to their right-hand side should be called 
north, or cold side, and the direction to their left-hand side should be 
called south, or warm side. While Moon was talking the Sun came up 
out of the east, passed them, and went down in the west. He went too 
fast to do them any good at all. Coyote announced that he was going 
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to Stop the Sun from goings so fast. He started eastward early in the 
morning, and when he came to a good place to stop he waited for the 
Stin to come up. When the Sun came up he found Coyote waiting for 
him. Coyote told the Sun that he had come there for the purpose of 
seeing him ; that he wanted to talk with him, for he was in trouble. 
The Sun said that he had not very much time to stop and talk. Coyote 
told the Sun that he would go with him and talk to him as they went 
along. They started on, walking very slowly. Coyote kept telling 
about things that had lately happened. When the Sun was nearing the 
west Coyote told him that he was going to defecate, and asked him to 
wait a while. He started out behind the bushes, and just as soon as he 
was behind them, where the Sun could not see him, he ran away from 
the Sun and the Sun stood there waiting for him to return. After 
a while the Sun grew tired of waiting and started on very slowly, looking 
back every little while and watching for Coyote to catch up with him, 
but Coyote did not appear. The Sun went down very slowly, still 
waiting for Coyote. This is the reason that the Sun lingers and goes 
down very slowly. 

The people's first village in this new world was called Tall-Timber- 
on-Top-of-the-Hill, for the place was in black-jack timber near the top 
of a high hill. There was the beginning of the real people. Moon 
called the people together for the first time in the new world and said : 
'' Soon there will be a child bom of a certain woman. He is on the 
way. He shall have more power than any one else, for Great-Father- 
Above has sent him down to his mother, the earth, to be among the 
people and teach them right and wrong. When the child comes he 
shall name himself after the former chief, Medicine-Screech-Owl, and 
he shall have with him bow and arrows." 

When the child came he had with him the bow and arrows. When 
his birthday came his father and mother were talking about what name 
should be given him ; but before his mother or father could give him a 
name the young child spoke and named himself, saying, '' My name 
shall be Medidne-Screech-Owl." He said to the people : ** The bow 
and arrows are for the men only, to be used in killing game. The time 
is coming when we shall have to use these things, especially the bow 
and arrows." Later on the people began to learn that this child was 
going to be a powerful man. He went around among the people and 
taught them how to make bows and arrows. In those times the animals 
talked to human beings and the human beings could talk to the animals, 
and they understood one another. Time passed and some of the human 
beings began to turn into animals. Medidne-Screech-Owl knew that 
some of these people were not real human beings. He knew that if 

2D 
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some of the people should turn into animals it would be very bad, as 
the people would be destroyed by them, and as he knew just what animals 
were the most ferocious he went and made them a visit in behalf of the 
people. Some of the animals were opposed to Medicine-Screech-Owl 
and hated him, and when he came to certain ones they would try to kill 
him, and that is how he came to kill some of them. 

In those times the people had little to eat. There were two people, 
a man and a woman, known to the people as the Buzzards, who lived 
at the north end of the village, and the people noticed that they al- 
ways had plenty of meat and other things to eat, and they wondered 
how they got it. Time passed until finally Coyote came among the 
people and told them that he was going over to visit the two people 
and find out where and how they got so much meat and so many other 
things to eat. In those times the animals that were living with the 
people had some magic powers, and Coyote had power. He said: 
" In order to find out where and how the Buzzard people get their 
food, I must scheme." After studying he resolved that he would imi- 
tate a dog, and so before he came to the Buzzard home he turned him- 
self into a very small and fine-looking dog. He stayed away from the 
Buzzards and watched his opportunity to place himself where they 
would find him. One time the Buzzards had gone out some distance 
from their home for some purpose and were returning, when they 
found the little dog by the trail. The woman liked the dog, but the 
man said that it was not a real dog, but some one else. The woman 
did not believe him. The man allowed her to take the dog home with 
them. When they reached home he told her that they must find out 
whether this was a real dog or not. He told her to pinch the dog*s 
ear and see if it would howl like a real dog. The woman pinched the 
dog*s ear and it howled like a dog. Still the man did not believe that 
it was a dog. He told the woman to go and get some meat and give it 
to the dog, saying that if a dog it would take its time, but if it were 
not a dog it would eat fast ; that then he would know whether or not 
to l)elieve it was a dog. The woman gave some meat to the dog. 
Coyote took his time in eating it, and so Buzzard believed what the 
woman had said, and they kept the dog. Coyote stayed with them 
until their meat gave out, then he watched them very closely. Finally 
the Buzzards began to talk about going after more meat. Coyote lis- 
tened. At length they started out and left their dog at home. They 
thought the dog would stay at home until they returned. But Coyote 
bad a scheme, so he followed at some distance, so that they could not 
see him, and he watched them very closely. When they came to the 
place where they usually found their meat, Coyote found out all about 
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how and where they got it, then ran back to their home and lay down, 
so that when the Buzzards returned to their home they found their 
little dog lying there fast asleep. Coyote stayed with them two days 
longer, and the third day he made up his mind that he must carry out 
his work. Early one morning he started out straight to the place 
where he had seen the Buzzards at work. It was a large cave or hole 
in the ground. The door of the place was a large rock. When he 
came to the place he opened it and out came thousands and thousands 
of buffalo. They came out so fast that before long they had spread 
over the western prairies before the Buzzards knew it. It was quite a 
time before Buzzard discovered what had happened. First he heard a 
strange noise like thunder. He went and looked for the little dog, but 
in vain, for the dog had already gone. He heard Coyote howling in 
the distance. Buzzard went out and found that nearly all the buffalo 
had escaped. 

When Coyote went to his home he told the people to hurry and make 
some bows and arrows, for the buffalo were coming. He told them 
just what had happened and how he had schemed. 

Buzzard was very angry at his wife and scolded her. He told her 
that she ought to know by this time that they were not the only ones 
that had powers, and that henceforth the only way that they could 
make a living was to go around and look for dead meat. In order to 
do this they turned into birds and became real buzzards. They flew 
around and looked for dead things to eat. 

Prom that time on the people began to make bows and arrows, which 
were given to mankind for their use in killing game. Time passed on 
and the people noticed that their chief, Moon, paid no attention to 
them and seemed to have nothing to say. He did not call them together 
any more, but stayed at his home all the time. The people began to 
think there must be something wrong, and so there was, for Moon 
himself was doing very wrong things. He knew that he was setting 
his people a bad example, and he believed the people had already found 
out something about him. Medidne-Screech-Owl knew all about this, 
for he had more powers than Moon himself. Moon was living with 
his family near the center of the village ; he was the chief, unmarried, 
and lived with his father and mother and one very young sister. Here 
was the beginning of his mistakes. Unknown to his father and mother, 
for a long time he kept going by night to see his own sister, not letting 
her know that he was her own brother. He abused her and treated 
her very meanly sometimes. For a long time she did not know who 
he could be, for she had no one to tell her. It finally occurred to her 
that it might be her brother. One night she made up her mind to find 
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out who he was. She put some black paint on her fingers, and that 
night when the man came she passed her painted fingers across his fore- 
head and made black marks, which the man knew nothing about until 
the next morning. In the morning, when he came in, she saw the 
marks on his forehead, and she knew that he was the man who had 
abused her. When he learned that the people were finding out about 
him he became so ashamed of himself that he wished to leave his people. 
He remembered that when he came into the world the Great- Father- 
Above had promised him that some day he should call him away from 
his people ; that he should be placed where the people could see him 
at night, and that he should be with the people all the time. He knew 
that the time was now approaching when he should be called away 
from his people, and soon he was called away from them. Great- 
Father-Above took him away and placed him far above, where the 
people could see him and the shame-marks on his forehead. 

Medicine-Screech-Owl grew to be a man, and after Moon was gone 
the people gathered again to select another chief, and they selected 
the powerful Medidne-Screech-Owl. His first announcement to the 
people was that they must move on farther west. The people began 
moving westward, climbing the mountains. When they had got on top 
of them they saw a large lake, and they wondered where the water 
came from. Medidne-Screech-Owl called the people's attention to it, 
and they all came and gathered along the banks of the lake. He then 
spoke to the people, saying : ** These waters which are before you are 
the tears of your g^eat chief. Moon, for before he was taken up into 
the heavens he came up to this mountain and shed tears for the wrongs 
he had done to his people. So we shall call this mountain Moon's- 
Tears-on-the-Motmtain." The people kept on moving westward until 
they found a place where they wanted to locate their second village. 
They commenced making bows and arrows, which they used in killing 
game. They began to go out a long distance from their village to hunt 
buffalo and other animals. There were several kinds of dangerous 
animals in the country, and at one place near by the people dared not 
go, because there in the water was the most ferocious animal that ever 
lived. Medidne-Screech-Owl told the people that he had some power 
and that he was going to try to kill the animal. One day when he 
was alone he dedded to go and destroy the animal. He went out, and 
when he came near the place where the animal was he stopped for a 
short time at the edge of the timber, for he could not locate the animal 
exactly. The name of the animal was Cannibal. The lake was large 
and all around were swamps and thickets. By the aid of his power 
and with a certain motion, Medicine-Screech-Owl made a narrow place 
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like a road through the thicket, through which he could see the ani- 
mal. He had brought with him from his village his bowt but no 
arrows, and some com, which he was to use in killing the animal. 
When he made the opening in the thicket he took out two tall canes 
from the ground, with the roots and the dirt that was on them, to be 
used as arrows. The corn that he had with him he threw in the air, 
and it became blackbirds, which flew straight over the head of the ani- 
mal. When the animal arose to draw the blackbirds down to him 
Medicine-Screech-Owl shot it with the cane arrows, first from the right 
side through the heart and out the left, then from the left side through 
the heart and out to the right. The animal fell near the edge of the 
water and died. Medicine-Screech-Owl went over to see the place 
where the animal was. He saw all kinds of bones lying around the 
place. Not long after this the lake dried up. When the people learned 
what had happened and what their chief had done, they were no longer 
afraid of the place. 

Now Coyote became a very bad man. The people noticed that 
he had done to them several things that he had no right to do. He 
would go from place to place, sometimes very early in the morning and 
sometimes very late in the evening. He made all kinds of trouble 
among the people. Whenever he did anything that was wrong he 
would blame some one else, and in some way he would escape the 
consequences. Finally Medicine-Screech-Owl sent for Coyote and 
told him that he must leave the people and go on his way ; but Coyote, 
being a great schemer, told the chief that he was going to stop doing 
mean tricks among his people, and that he was not yet ready to leave. 
Medicine-Screech-Owl allowed him to stay with the people until he 
should be captured or killed at any time. 

2. THE ORIGIN OF DAY AND NIGHT.* 

In the beginning the people all lived in darkness. After a time they 
became dissatisfied and wanted light. They called a council to discuss 
how they could get light. Coyote was the first to speak, and he said : 
' ' We have had enough darkness ; we must now have light. It is right 
that we should have both and not all darkness." There was a man at 
that time who was a prophet, and Coyote said that he appointed the 
prophet to investigate and see how the people might obtain light. The 
prophet thought over the question and then reported : 

"There are yellow, black, spotted, half -spotted, and white deer upon 
the earth. These deer are here for some purpose. If you kill the yellow 

»Toldby Wing. 
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deer, everything shall be yellow all the time. If you kill the white 
deer, everything shall be white all the time. If you kill the spotted 
one, everything shall be spotted and very bad. If you kill the black 
one, everything shall be black as it is now. But if you kill both the 
black and the white deer, then we shall have day and night. During 
the day everything will be white, and we can go about and hunt and 
visit, and during the night we can return to our homes and rest.*' 

The people accepted the prophet's words and started out and hunted 
until they killed the black and white deer, and from that time we have 
had day and night. 

3. THE ORIGIN OF ANIMALS. 

The people and animals all lived together and were the same in the 
beginning of the world. After a time they became too numerous and 
there was not food enough for all. A council was held and the chiefs 
determined that some should become animals and live apart from the 
people and be hunted by them for food. Some of the people, who lived 
where the big fire had burned oflF the grass, were rolled about in the 
black ashes until they became black. Again they were rolled and then 
they took on the form of bears. Long pieces of white stone were put 
upon their feet for claws and in their mouth for teeth. They were 
given ten lives. When killed the first time, the second life was to 
arise from the blood that was spilled upon the ground, and so the third 
life was to arise from the blood that was spilled when the bear was 
killed for the second time, and so on through the other lives up to the 
tenth. During the first life the bear was not to be fierce, but as often 
as he was killed and passed to another life he was to become fiercer and 
fiercer, until, when he came to the tenth life, he would fight, and even 
eat, human beings. 

Some other people who lived where the long grass grew were rolled 
upon the earth, and when they arose they had the form of buffalo, and 
the grass had stuck to them and hung all like a beard under their 
necks. They, too, were given ten lives and then put upon the prairie 
to live, where man could hunt them. The deer were then made in the 
same way, and after them all the other animals were made. 

4. COYOTE REGULATES UFE AFTER DEATH.» 

The people had many councils from time to time. The errand man 
went all round to call the people to these councils. At one council 
Coyote arose and said : " First, we must change our rale about death, 
because all are not being treated alike. Now when some die they come 

* Told by White-Bread. 
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back to their people, and then others die and never see their people 
again. I propose to make another rule, so that we may all be treated 
alike after death. This is the rule that I wish to propose : When any 
one dies let him be dead forever, and let no living person ever see him 
again. Our Great- Father- Above made a place there where every one 
of us may go after death. Now when any one dies he shall go from 
the living forever, but we shall still keep up the fire for six days. ' ' All 
the people were well pleased with Coyote's rule, and so from that time 
on, even to the present day, the same rule is kept, and when anybody 
dies he is gone forever, never to return again. The people are taken 
to the sky when they die and become the stars that we see at night. 

Morning Star, who freed the earth from bad animals, had three 
brothers, and he was the oldest one and the leader of all the tribe. In 
the beginning he had been the errand man, and during war expeditions 
he had to get up early in the morning, hours before dawn, to go around 
the camps and wake the people, so that the enemy would not find them. 
That is the reason he gets up so early now. In the evening one of his 
brothers would go back a long distance to see if the enemy were coming 
on their trail, and so the man was named Evening Star. The other 
two brothers were named North Star and South Star, and these four 
brothers always had something to do. North Star always had to camp 
in the North and watch for the enemy lest they should approach from 
that direction ; South Star had to camp in the South and watch lest 
the enemy should approach from that direction. Their father's name 
was Great Star, and he was the chief of the people. Now the people 
think that when any one dies he goes up to the sky, where he turns 
around and looks back and becomes one of the stars, and so they believe 
every one when he dies goes up^to the sky. 

5. COYOTE AND THE ORIGIN OF DEATH. 

In the beginning of this world there was no such thing as death. 
Every one continued to live until there were so many people that there 
was not room for any more on the earth. The chiefs held a council 
to determine what to do. One man arose and said that he thought it 
would be a good plan to have the people die and be gone for a little 
while, and then to return. As soon as he sat down Coyote jumped up 
and said that he thought that people ought to die forever, for this little 
world was not large enough to hold all of the people, and if the people 
who died came back to life there would not be food enough for all. 
All of the other men objected, saying that they did not want their 
friends and relatives to die and be gone forever, for then people would 
grieve and worry and there would not be any happiness in the world. 
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All except Coyote decided to have the people die and be gone for a 
little while, and then to come back to life. 

The medicine-men built a large grass house facing the east, and 
when they had completed it they called all of the men of the tribe to- 
gether and told them that they had decided to have the people who 
died come to the medicine-house and there be restored to life. The 
chief medicine-man said that he would put a large white and black 
eagle feather on top of the g^ass house, and that when the feather be- 
came bloody and fell over, the people would know that some one had 
died. Then all of the medicine-men were to come to the g^ass house 
and sing. They would sing a song that would call the spirit of the 
dead to the grass house, and when the spirit came they would cause it 
to assume the form that it had while living, and then they would re- 
store it to life again. All of the people were glad when the medicine- 
men announced these rules about death, for they were anxious for the 
dead to be restored to life and come again to live with them. 

After a time they saw the eagle feather turn bloody and fall, and so 
they knew that some one had died. The medicine-men assembled in 
the grass house and sang, as they had promised that they would, for 
the spirit of the dead to come to them. In about ten days a whirl- 
wind blew from the west, circled about the grass house, and finally en- 
tered through the entrance in the east. From the whirlwind appeared 
a handsome young man who had been murdered by another tribe. 
All of the people saw him and rejoiced except Coyote, who was dis- 
pleased because his rules about dead were not carried out. In a short 
time the feather became bloody and fell again. Coyote saw it and at 
once went to the grass house. He took his seat near the door, and 
there sat with the singers for many days, and when at last he heard 
the whirlwind coming he slipped near the door, and as the whirlwind 
circled about the house and was about to enter, he closed the door. 
The spirit in the whirlwind, finding the door closed, whirled on by. 
Death forever was then introduced, and people from that time on 
grieved about the dead and were unhappy. Now whenever any one 
meets a whirlwind or hears the wind whistle he says : " There is some 
one wandering about." Ever since Coyote closed the door the spirits 
of the dead have wandered over the earth, trying to find some place to 
go, until at last they find the road to spirit land. 

Coyote jumped up and ran away and never came back, for when he 
saw what he had done he was afraid. Ever after that he ran from one 
place to another, always looking back over first one shoulder and then 
over the other, to see if any one was ptirsuing him, and ever since then 
he has been starving, for no one will give him anything to. eat. 



THB SBCOND MAN WHO CAMS OUT OP THE EARTH. 1 7 

6. THE SECOND MAN WHO CAME OUT OF THE EARTH.» 

In the beginning, when the people first came out of the earth into the 
world, Moon was the first man to enter the world. The second man 
was Tonin, and he was even^ greater than Moon and more powerful. 
He was only about four feet high and rode a bay horse that was no 
bigger than a dog. He had the power to turn darkness into light, and 
to wish for anything and have his wish fulfilled at once. If he wished 
to go a long distance, no sooner did he wish than he was there, no 
matter how far, and if he wished to kill any kind of game, all he had 
to do was to point to it with his forefinger and it lay dead before him. 
Prom time to time he disap^ared and the people did not know where 
he went, until one time they saw him going as though on wings up 
into the blue sky. He was able to tell what would happen in the future, 
and so one time he sent the errand man to go out and call all the people 
to come to the meeting place, for he had something that he wanted to 
say to them. When the people were all assembled, he came and talked 
to them for half a day. He talked to them about this world in which 
they were living, and then he told them that in six days he was going 
away, and that he would be gone six winters and seven summers. He 
told them that he did not know exactly where he would go, but that 
he wanted them all to come in six days and see him start on his journey. 
The people went home and on the sixth day came again, and after they 
were there a little while Tonin came. He began to sing a song, the 
song of death, and then he was gradually lifted from the earth and taken 
into the sky. All the people wept for fear he would not come back, 
but they remembered his promise to return, and so took courage. 

Time passed and the people remembered Tonin and his words for 
about three summers and three winters ; then they began to forget 
about him and his words. Time passed on and it was time for him to 
return ; then the world began to change. The stars became brighter 
and larger. Tonin had several brothers, and one of these brothers had 
remembered what he promised the people, so he knew that it was time 
for him to return. When the day came this brother gave the sign to 
his people that Tonin was about to return by beating six times on the 
drum ; but some of the people had so completely forgotten Tonin that 
they did not even know what the sign meant. Toward evening a 
large star came up and shone very bright in the east, and all the people 
came and gathered together to watch it. When Tonin came back to 
earth he was pleased to see the people all there to meet him, and he 

♦Told by White-Bread. 
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told them about the future. He told them that strange people were 
coming into the land, and that they would frighten away the bufPalo, 
the deer, and the bear. He stayed on earth some time, then called the 
people together and told them that he was going as he had gone before, 
but that this time he was not to return. Then he went up into the sky. 

7. SNAKE- WOMAN DISTRIBUTES SEEDS. 

The Great Father gave the seeds of all growing things to Snake- 
Woman. He taught her how to plant the seeds and how to care for 
the green things that grew from them until they were ripe, and then 
how to prepare them for food. One time, when Snake- Woman had 
more seeds than she could possibly care for, she decided to give some 
to the people. She called her two sons and asked them to help her 
carry the seeds. Bach put a big bag full of seeds on his back, and 
then they traveled all over the world, giving six seeds of each kind of 
plant to every person. As Snake- Woman gave each person the seeds 
she told him that he must plant them, and must care for the plants 
that grew from them, but must allow no one, especially children, to 
touch them or even point to them as they grew. She said that until 
the seeds were ripe they belonged to her, and if any one gathered them 
too soon she would send a poisonous snake to bite him. Parents always 
tell their children what Snake- Woman said, and so they are afraid to 
touch or go near any growing plants for fear a snake will come and 
bite them. 

8. THE FLOOD* 

One time a long, hot, dry season came and all the waters of the earth 
dried up. The people wandered from place to place, tr3dng to find 
water, and after many days they became crazed and did many foolish 
things. They went to the dried-up river beds and there found many 
dead fish and turtles and animals that dwelt in the water, and the people 
cut them to pieces and threw them about, for they thought that these 
animals and fish were in some way responsible for the waters disap- 
pearing. While they were acting foolishly they looked up and saw a 
man in the sky coming toward them from the west. A wind blew, 
and the man approached and lighted on the ground before them. In 
his hand he carried a small green leaf. He told the people that they 
had not acted wisely and had abused him, and that he was angry with 
them. He motioned the leaf in four directions and drops of water fell 
from it. Soon the waters g^ew in volume and arose all over the world, 
even to the tree-tops, and the highest mountains except one. To this 

»Toldby Wing. 
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high mountain the man led a few of the people whom he chose, and 
they stayed on the mountain for four days, while the water rose higher 
and higher. As the waters rose the man caused the mountain to rise 
with them. He could do this because he had greater power than the 
spirit of Cold or Heat. After a time the waters began to go down, 
and g^reen things appeared upon the earth again. Then he led the 
people down from the mountain. They found that many people who 
had been left in the water during the flood had not drowned, but had 
turned into alligators and other water animals. 

9. THE EFFEMINATE MAN WHO INTRODUCED STRIFE. 

One time there lived among the people a man who always did the 
women's work and dressed like the women and went with them, and 
never went with the men. The men made fun of him, but he did not 
care, and continued to work and play only with the women. A war 
broke out with some other tribe, and all of the men went to fight but 
this man, who stayed behind with the women. After the war party 
had gone, an old man, who was too old to go with them, came to him 
and told him that if he would not go to fight he was going to kill him, 
for it was a disgrace to have such a man in the tribe. The man refused 
to go, sa3dng that the Great Father did not send him to earth to fight 
and did not want him to. The old man paid no attention to his excuse, 
and told him if he did not go to fight he would have the warriors kill 
him when they returned from battle with the enemy. The man said 
that they could not kill him, that he would always come to life, and 
would bewitch people and cause them to fight and kill one another. 
The old man did not believe him, and when the war party came home 
he told the men that they would have to kill the man because he was 
a coward, and they could not let a coward live in the tribe. They beat 
him until they thought he was dead, and were just ready to bury him 
when he jumped up alive. Again they beat him until he fell ; then 
they cut off his head. He jumped up headless and ran about, fright- 
ening all of the people. They were just about to give up killing him 
when some one noticed a small purple spot on the little finger of his 
left hand. They cut that out ; then he lay down and died. Soon after 
many people began to fight and quarrel, and some even killed their own 
brothers and sisters and fathers and mothers. The other people tried 
to stop the fighting, but could not, because the people were bewitched 
and could not help themselves. Then the old man remembered what 
the coward had said, and he told the people, and they were all sorry 
that they had killed him. 
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10. THE ORiaN OF THE MEDICINE-MEN.» 

In days of old people knew the animals and were on friendly terms 
with them. All of the animals possessed wonderful powers and they 
sometimes appeared to people in dreams or visions and gave them their 
power. Often when men were out hunting and were left alone in the 
forest or on the plains at night, the animals came to them and spoke to 
them in dreams and revealed their secrets to them. The man who had 
had a dream of this kind woke up and went home. There he remained 
several days in silence, refusing to talk to any one, thinking only of the 
things that had been revealed to him. After a time he called some of 
his friends and the old men of the tribe to his lodge and told them of 
his powers and asked them if they wotdd be taught his secrets. If 
they agreed the man taught them his songs and dances. After he had 
taught them all the necessary things they declared themselves ready to 
give a Medicine- Men's dance, and gave themselves the title of medicine- 
men. Then if any one was sick in the village and sought the aid of 
the medicine-men they prepared to hold the dance in behalf of that 
person, that they might try their powers of healing on him. They 
built a large grass lodge, and the dance was held in this lodge for six 
days and nights. 

The first medicine-men ever to receive power and give the dance 
were two young brothers. These boys were brave hunters, and one 
time when they were out on the hunt night overtook them far from 
any habitation. They made a camp in the lonely woods and laid down 
to sleep, for they were very weary. In their sleep they both had a 
dream and in their dreams each met the other, and they dreamed that 
they were walking together toward the east. On their way they saw 
a man coming toward them, and he was walking rapidly toward the 
west. They met him and he stopped and talked with them in their 
l&ngu^gc. After they had talked long, the man revealed a bag that 
he carried and said, ** Choose from this any kind of medicine that you 
want. If you wish to live long and be hard to kill, take this,'* and he 
handed them certain medicine. When the boys had accepted it he 
said, ** Now that you have the same power that I have, I will show 
you how to use it. ' ' He spent a long time teaching them how to use 
the medicine and then he continued his journey toward the west. At 
break of day both boys woke up, and each remembered his dream, but 
said nothing to the other or to any one, but thought long on what the 
man had taught him. After many months each began to try his 
powers. 

♦Told by Wing. 
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After two winters war broke out with the Chickasaw people, and 
many were killed and yet many more were taken prisoners. The 
victorious Chickasaws marched home with their prisoners and booty, 
and every night when they made camp they held war dances and 
danced about their prisoners, who, bound, were placed in the center 
of the large ring of dancers. One night, after the dancing was over 
and the prisoners lay exhausted and cold, one of them, a young man, 
escaped. It was nearly morning and he had not gone far when the 
sun came up, and he heard the Chickasaws coming after him. He did 
not know what to do and was about to give up when he saw a hollow 
log. He crawled into it and the Chickasaws came to the log and went 
on by. He stayed in the log all day, and in the evening, after he had 
heard the Chickasaws return, he crawled out and went on toward his 
home. After two days he reached his village and there told his story. 
There were many men in the village who had been away when the 
Chickasaws made their attack, and among them were the two brothers 
who had received power in their dreams. By that time the Chickasaws 
were about five days on their way, but the men started to pursue them. 
The elder brother, whose name was Strong- Wind, was chosen to take 
the lead. After several days* marching they overtook the enemy. 
They came upon their camp at night, and they could hear the beat of 
the drums and the songs of victory before they found the camp. The 
night was very dark, and so the men had to wait until dawn before 
they could attack the camp. At the first light they rushed into the 
camp and killed many Chickasaws and rescued their prisoners. Strong- 
Wind and his brother were equal to ten men apiece, and so wonderful 
were their powers that they alone rushed into the midst of the enemy 
and killed many and took many women as prisoners. The Chickasaws 
were powerless before them, and even their own people stopped fighting 
to stare in wonder at the brave deeds of the two young men. The few 
Chickasaws who were left fled in terror and the party returned home 
rejoicing. 

After many years, during which time the brothers practiced their 
powers in times of war, they died and the tribe was left without any 
medicine-men. Finally there was a very young man, who became a 
medidne-man through powers given him by the Black- Mountain- Bear. 
One time while he was out hunting he wandered far in quest of game, 
and before he realized it the sun was down and it was g^wing dark. 
He thought of his home and knew that he could not reach it before 
night. He made a shelter, lay down to sleep, and dreamed that he 
was walking on a narrow trail leading eastward. He looked ahead 
and saw a man sitting by the wayside with his head down. As he 
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approached, the man raised his head, looked at him, and said : ** My 
boy, I want to give you some medicine, for I want you to have powers 
like mine.** The old man took out many roots and told the boy to 
choose six of them. He took six of the roots ; then the old man told 
him that he would have to go before six men, each of whom wotdd 
explain the power of one medicine and how to use it. The boy did not 
want to go to so many men for fear he wotdd not have time, and so he 
gave back four of the roots. Then he thanked the old man and started 
on his way. Soon he saw another old man sitting by the trail, and as 
he approached, the man arose, and when he came up to him he began 
to talk to the boy and explained the use of his medicine. While he 
was yet on the way, going toward the third man, he awoke. He 
returned to his mother's lodge, but kept silent, and spoke to no one for 
many days, thinking always about his dream and the things that had 
been taught him. He wandered about alone, looking always for the 
medicine roots he had seen in his dream. After many months he found 
the plant. 

Soon after there was a man in another village who was about to die, 
and when the young man heard of the sick man he determined to go 
and see him and try his powers. He called the medicine-men together 
and taught them the medicine dance-song that had been taught him in 
the dream ; then they all went to the lodge where the sick man was. 
All the people wondered why the young man should call the men to 
sing medicine dance-songs for him, for they never thought of him as 
having power. He was with the sick man a long time before he could 
find out what was the matter with him. First, the dancers danced very 
slowly, and gradually increased the movement, as was their custom. 
So long was the young man in finding out what was the matter with 
the sick man, that the dancers were dancing as fast as they possibly 
could before he decided. Thus they danced for six days and nights, 
and many of the dancers dropped to the ground exhausted. Finally 
the young man began to talk in a tongue no one understood, and he 
began to dance slowly. Then the others knew that he had discovered 
what ailed the man. He fell to the ground and began to crawl like a 
mad bear. He crawled up to the sick man and, placing his mouth on 
the place where the greatest pain was, drew the pain out by blowing 
his breath on the place, and the pain was gone. The people knew 
then that the boy was in truth a medidne-man, and by his actions they 
knew that the Black-Motmtain-Bear had given him power. It was the 
Bear who had appeared to the young man as an old man in his dream. 
From that time he was called Black-Mountain-Bear-Medicine-Man. 
Then the chief of the medicine- men's society annotmced that all the 
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medidne-men were going to hold a dance, and they wanted the young 
man to be present and show his powers, if he had any. The dance was 
held and every one attended. Black- Mountain- Bear-Medicine-Man sat 
and watched the dancers until the last, the sixth night of the dance ; 
then he arose and joined in the dance. He danced faster and faster, 
and after a time went over and picked up a gun. He took the bullet 
out, then he showed it and the powder to all the people. Then he put 
them in the gun again and gave it to his helper. He continued danc- 
ing, and after he had danced a long time and very fast he fell to the 
ground. After a while he arose on his knees and spread out his arms. 
His helper shot him through the breast and he fell over in a faint. 
Soon he arose and began dancing again, and as he danced he showed 
the bullet to the people and also bared his breast, and they could see no 
marks. He had caught the bullet in his hands. After that he became 
a member of the medicine-mem's society. 

After a time another young man appeared with wonderful power, 
also given him by the Mountain-Bear. He appeared at the medicine- 
men's lodge one night, where they were having a dance, and he joined 
in and did many wonderful things. He had a bear's skin that he 
could cause to turn into a young bear, which wotdd follow him about, and 
then he wotdd turn the animal back into a piece of skin. 

There are two kinds of medidne-men. One kind has power to doctor 
and heal the sick ; another has the power to prevent any one from being 
hurt or harmed, and can charm away all danger. The latter are supposed 
to be more powerful than the first kind of medicine-men, for they can 
perform thdr magic without medicine and have power to bewitch people 
who are afar off, and thus make them lose thdr minds and not know 
what they are doing. They have a song of death, and when they sing 
the song before a dying person they frighten away death and the person 
lives. There are few people who ever recdve this power, which is 
generally given by the sun, moon, stars, earth, or storm, but some very 
wild and ferodous animals can also give the power to people. 

11. THE GIRL WHO MARRIED A TURTLE. 

A girl lived alone with her two brothers. They were famous hunters 
and were away all day hunting. While they were gone the girl often 
played down by the water, and there she came to know Turtle. One 
day he came up to her and asked her if she would have him for her 
husband. She said that she would, and after that she met him when- 
ever she went to the lake. Often her brothers wanted to carry the water 
for her, but she would never let them, but would alwa}^ go herself and 
stay a long time with Turtle. One time her brothers went away to be 
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gone many days. She told Turtle that they were gone and that she 
was going to take him to her house and keep him there. He was glad, 
for then he could be with her all of the time. She went home and built 
a high bed, and when she had finished it she carried Turtle home and 
put him in the bed. She asked him what he liked best to eat, and he 
said that he liked potatoes better than anything else. Every day she 
went out to hunt potatoes and prepared a big bowl full and put it up 
in the bed for him to eat. After several days her brothers came home, 
and so she thought she would take Turtle back to the river, but he 
begged so hard to stay that she yielded to him, though she knew that 
she took a risk. She told Turtle that he must always stay up in the 
bed where her brothers could not see him and must not move when they 
were about, for they would hear him and look for him and would surely 
kill him if they found him. The boys noticed the high bed when they 
returned, but their sister told them that she had made it because she 
felt safer in it while they were gone. Then they thought nothing more 
about it until they noticed that their sister regularly filled a large bowl 
with potatoes and put it in the bed and then took it out empty. They 
began to suspect something, but said nothing. One day they said that 
they were going to hunt. The girl watched them until they were out 
of sight ; then she took her digging stick and started after more potatoes 
for Turtle. The boys only pretended to go hunting and soon came 
back. They slipped up to the house and peeped in. When they found 
that their sister was gone they went in and climbed up to the bed to see 
what was there. They found Turtle and killed him, then ran away. 
When the girl came home and found her husband dead, she knew at 
once that her brothers had killed him and she started after them. 

The boys ran until they came to a river. There they met many 
white ducks playing on the water. In those days all birds were white. 
The boys offered to paint the ducks all different colors if they would 
carry them and their little bob-tailed dog that was with them across 
the river and not tell any one that they had seen them or helped them 
across. The ducks agreed, and so the boys painted their feathers. 
Then the ducks took them on their backs and flew across the stream 
with them. Soon the girl came along and asked the ducks if they 
had seen anything of two young men and a white bob-tailed dog. 
They said that they had not seen them, and the girl was about to turn 
back when one white duck, whom the boys had forgotten to paint, 
flew up and told her that her brothers and their dog had just passed, 
and that the other ducks had lied to her, because the boys had painted 
their feathers if they would not tell her the truth. The white duck 
carried the girl across the river and she began again to pursue her 
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brothers. They saw her coming and were afraid that she would 
overtake them, when they met three white doves. They asked the 
doves to take them and their dog on their backs and carry them to the 
sky. The doves agreed and flew to the sky with them and left them 
there. As the doves were flying down they flew through so much 
smoke that their white feathers became gray. The girl met the doves 
and asked them where her brothers and the little bob-tailed dog were. 
The doves pointed to three bright stars in the southern part of the 
sky. The girl looked, and when she saw that her brothers and their 
dog had become stars she fell dead. 

12. THE MAN AND THE DOG WHO BECAME STARS. 

A young man had a Dog which he always took with him whenever 
he went to hunt. When he was at home he did not pay much atten- 
tion to the Dog, and the Dog acted like any other dog, but when they 
were off alone the Dog would talk to his master just as if he were a 
man. He had the power of a prophet and could always tell what was 
going to happen. One time, while they were out hunting, the Dog came 
running back to his master and told him that they were about to come 
to a very dangerous place. The young man asked where the place 
was, and the Dog said that he did not know just where it was, but that 
he knew it was not far away. In another instant the Dog scented a 
deer and started out on its trail, and the man followed. Soon they 
came upon the deer. The man shot it, but only wounded it, and it 
continued to run until it reached the lake, and then jumped into the 
water. The Dog jumped in after it and soon caught it, because he 
could swim faster than the wounded deer. He held it while the young 
man threw off his clothes and swam to his assistance. Soon they killed 
the deer, and then the man put it on his shoulders and started to swim 
to the shore. All at once the Dog cried out, ** Look out ! " There 
before them and all around them were all kinds of poisonous and dan- 
gerous water animals. The man thought that they would surely be 
killed, for the animals were so numerous that they could not possibly 
swim past them. He began to pray to the spirits to help him, and as 
he prayed the water leaped up and threw them on the shore. The 
young man felt so grateful to the spirits who had saved his and his 
Dog's lives that he cut some of the flesh from the deer and threw it 
into the water as a sacrifice. Then he and the Dog decided that they 
would not stay longer in this dangerous world, and so they went to the 
sky to live. There they can be seen as two bright stars in the south. 
The one to the east is the young man, and the one to the west is the Dog. 

3i> 
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13. EVENING-STAR AND ORPHAN-STAR. 

A poor orphan boy lived with a large family of people who were not 
kind to him and mistreated him. He could not go to play or hunt 
with the other boys, but had to do all of the hard work. Whenever 
the camp broke up the family always tried to steal away and leave the 
boy behind, but sooner or later he found their new camp and went to 
them because he had no other place to go. One time several families 
went in boats to an island in a large lake to hunt eggs, and the orphan 
boy went with them. After they had filled their boats with eggs they 
secretly made ready to go back to the mainland. In the night, while 
the orphan boy was asleep, they stole away in their boats, leaving him 
to starve on the lonely island. 

The boy wandered about the island, eating only the scraps that he 
could find around the dead camp fires, until he was almost starved. 
As he did not have a bow and arrows, he could not hunt, but he sat by 
the water's edge and tried to catch fish as they swam past him. One 
day as he sat on the lonely shore he saw a large animal with horns 
coming to him through the water. He sat very still and watched the 
animal, for he was too frightened to run away. The monster came 
straight to him, then raised his head out of the water and sai^; '' Boy, 
I have come to save you. I saw the people desert you, and I D&e taken 
pity upon you and come to rescue you. Get upon my back and hold 
to my horns and I will carry you to the mainland." The boy was no 
longer afraid, but climbed upon the animal's back. * ' Keep your eyes 
on the blue sky, and if you see a star tell me at once," the animal said 
to him. They had not gone far when the boy cried, ** There in the 
west is a big star." The monster looked up and saw the star, then 
turned around at once and swam back to the island as fast as he could. 
The next day he came and took the boy again, telling him, as before, to 
call out the moment that he saw a star appear in the sky. They had 
gone a little farther than they had the day before when the boy cried out, 
"There in the west is a star." The animal turned around and went 
to the shore. The next day and the next four days he started with 
the boy, and each time he succeeded in getting a little farther before 
the boy saw the star. The sixth time they were within a few feet of the 
opposite shore when the boy saw the star. He wanted to reach the shore 
so badly that he thought he would keep still and not tell the monster 
that he saw the star, for he knew that he would take him back to the 
island at once if he did. He said nothing, and so the monster swam 
on until they were almost in shallow water, when the boy saw a great 
black cloud roll in front of the star. He became frightened and jumped 
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off of the animal's back and swam to the shore. Just as he jumped 
something struck the animal with an awful crash and he rolled over 
dead. When the boy came upon the shore a handsome young man 
came up to him and said : ** You have done me a great favor. For a 
long time I have tried to kill this monster, because he makes the water 
of the lake dangerous, but until now I cotdd never get the chance. 
In return for what you have done, I will take you with me to the sky, 
if you care to go. ' ' The boy said that he wanted to go, as he was alone 
and friendless upon the earth. The man, who was Evening-Star, took 
him with him to the sky, and there he may be seen as Orphan-Star 
who stands near Evening-Star. 

14. THE GIRL WHO NdARRIED A STAR.* 

One time a maiden slept in an arbor, and as she lay under the blue 
sky she watched the stars. One star especially she watched, and she 
wished that it would become a man and marry her, for she did not care 
for any of the young men of the village. She went to sleep wishing 
that the star would marry her. When she awoke she saw no stars, but 
an old man sitting by the fireside. * * Where am I ? * ' she asked . * * Your 
wish is granted ; you are the Star's wife. I am the Star. ' ' She began 
to cry, for the man was old and homely and she was young and beautiful, 
and so she had dreamed that her husband would be. The Star's sister 
was preparing something to eat, and she told the girl to stop cr3ring and 
come and eat. After a while the two women went out to dig potatoes. 
They saw one big potato, and the girl asked the Star's sister what the 
big potato was for. She answered that it was the door of heaven , 
and that it covered the entrance to the world beneath. Then the girl 
cried again and begged the woman to let her go back to her people. 
She told her how unhappy she was and what a mistake she had made 
in wishing to marry the Star. The woman told the Star all that his 
wife had said, and so the Star agreed to let her return to her people in 
six days. The two women went out to gather bark from young elm 
trees to make a rope for the g^rl to climb down to earth on. After 
they had gathered the bark they began to make the rope and the Star 
helped them. After six days the rope was only half long enough, and 
so the old man said she would have to wait six more days until they 
could complete the rope. On the eleventh day the rope was finished, 
and the Star's sister cooked some com meal for the girl to eat on the 
way and filled a squash vessel with water for her. The Star told her 
to start early the next morning, for it wotdd take her ten winters and 

♦Told by Wing. 
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summers to get to the earth. They fastened her to the end of the rope 
and then removed the potato and let her through the hole and gradually 
let the rope slip out. At first she could see nothing but darkness; then 
after a long time she could see the earth. After she had traveled 
through many waves of warm and cold air, she knew she had been on 
her way many summers and winters. Her food was almost gone and 
still she was a long way from the earth. Suddenly the rope ceased to 
slip and she hung swinging back and forth. She had come to the end 
of the rope. It was not long enough. She hung there for a long time 
and was about to die from hunger and weariness when she saw Buzzard 
circling around below her. She called to Buzzard to come and help her. 
He came, and after she had told him her story he told her to get on his 
back ; that he would take her down to earth. Buzzard flew for a long 
time and the girl was heavy, so that he nearly gave out. He saw Hawk 
flying below him, and he called Hawk and asked him to help him take 
the girl home. Hawk flew with the girl until they could see the moun- 
tains and the rivers ; then he gave out. Buzzard took the girl on his 
back again, and thanking Hawk for his help, told him to go his way; that 
he could take the girl on to her home. Buzzard flew on and on until 
they could see the trees, and soon they were even with the tops of the 
highest trees. Then Buzzard told the girl to go into her lodge when 
she went home and not to let any one but her father and mother see 
her. She was so thin that she was little more than skin and bones. 
Buzzard flew to the ground and lighted very gently just outside the 
girl's village. He pointed out her parents' lodge to her and then said 
good-bye and flew away. 

The girl rested for a while and then began to walk very slowly to 
the lodge, for she was weak and exhausted. On the way she saw a 
woman coming toward her. She hid behind a bush, but the woman 
saw her and screamed, for the girl was so thin that she frightened her. 
The girl told the woman not to be afraid and told her who she was. 
Then the woman recognized the lost maiden and helped her to her 
lodge. Her mother did not know her at first, but when she found 
that the girl was her daughter she threw her arms about her and wept. 
The news of the girl's return spread throughout the village, but her 
parents obeyed her wish and refused to let any one see her until after 
the tenth day. Then they came to her tipi and she told them her 
story and especially about the kindness shown her by Buzzard. 

After that the people always left one buffalo for the buzzards after a 
big killing. 
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15. THE GIRL WHO MARRIED A STAR.* 

Long ago there lived a large family — father, mother, and eight chil- 
dren, four girls and four boys. They were all beautiful children, espe- 
cially one of the girls, who was exceptionally beautiful. The time 
came when three of the girls were married, but the youngest and most 
beautiful would not receive the attention of any one. The girl was 
pectdiar in her tastes and roamed around alone. She wished to go 
away somewhere, for she was tired of her home. One time while she 
was walking alone she began praying to the spirits to help her, that she 
might go wherever she wished. That night she was outside the lodge 
watching the stars, and she found that the stars were not all alike ; that 
some were bright and some were very dim. Finally she saw one, the 
North Star, that was very bright, and then again she began to pray to 
the spirits to help her, and she wished that she might marry the star 
and become his wife. She ceased praying and did not know where she 
was for a while, and the first thing she saw was a very old man sitting by 
the fireside with his head down. She stood for a long while watching 
him. At first she could not believe herself, and she thought that she 
was only dreaming, but finally the old man looked up at her and said : 
* * You are the young woman who wished to marry me and you have 
your wish ; you are now in my home as my wife, as you wished. * * She 
did not like the looks of the old man, and she wished that she might 
get away from him ; but her wish was not granted and she had to stay. 
She tried many ways to get away, but all failed, and she was about to 
give up when she thought of a great big round stone that the Star had 
told her not to move, for it was very dangerous to move it. One time 
when the Star was away on a visit she thought she would go over and 
lift the stone and see what was there. She lifted the stone and found 
that she could look clear down to the earth, and then she began to 
wonder how she could get down to the earth. She put the stone back 
in its place, and when the Star came back he asked her where she had 
been, and she told him that she had been at home all the time. When 
night came she went to bed, and as she was wondering how to get down 
to the earth she thought about making a long rope out of soapweeds, 
for she had heard the old story about the people making such a rope 
long ago. When the Star went away for his nightly trip she would go 
out and cut soapweeds ; but when he came back he would always find 
her at home, and so he never thought of her doing anything of the 
kind. Finally she had enough weeds cut, and then she began to make 
the rope. It took her a long while before she had the rope finished. 

» Told by Annie Wilson. 
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One day she thought she had rope enough to reach down to the earth. 
She went and lifted the stone to one side and dropped the rope down 
just as fast as she could. She finally came to the end of the rope ; then 
she fastened it to the rock and placed the rock over the hole again and 
went back home. When the man came she was at home, but the next 
time he went away she went to the hole and began to climb down. It 
took her a long while before she could see the land plainly, and before 
she came to the tops of the trees she came to the end of the rope, and 
she did not know what to do. She was getting very tired, but she 
hung there for some time, and after a while she heard a noise near her 
and she looked and saw a bird. The bird passed under her feet several 
times, and when he passed the fourth time he told her that he would 
take her down and carry her home if she would step on to his back. 
She stepped on the bird's back, and he asked her if she was ready, and 
she said that she was ; then he told her to let go of the rope. She did 
so, and the bird began to fly downward very easily. The bird asked 
if she would let him take her on to her home, and she said that she 
would. The bird then took her to her home, and when they came near, 
the bird let her down and told her that he had to go back to his home ; 
but before leaving her he told her that he was Black Eagle. 

16. UGHTNING AND THE PEOPLE. 

In the beginning Lightning lived upon the earth with the people, 
but he became so powerful and killed so many of the people that they 
feared and hated him. One time after he had become angry and killed 
a number of the people, the chiefs of the tribe called a council to deter- 
mine what to do with him. They decided that he could no longer live 
with the people, but would have to go away. Lightning pleaded to 
stay, but the chiefs would not change their decision and told him that 
he would have to go. 

Not long after Lightning had gone a great monster that lived under- 
ground among the rocks began to carry away the people. They tried 
in every way to kill him, but could not, for he always disappeared 
under the ground where they could not reach him. Lightning ap- 
peared to them and told them that he would kill the monster if they 
would let him come back and live with them. He said that he wanted 
to come back to earth, and that he would kill all monsters and make 
the earth a safe place for the people to live on, and would not do any 
more harm himself if they would let him come back. The people de- 
cided to let Lightning come, because there was no one else powerful 
enough to kill the great monster. 
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17. THE BROTHERS WHO BECAME UGHTNING AND THUNDER.* 

When the world was new there lived among the people a man and 
his wife and one child, a boy of about twelve years. The people called 
the man '* Medicine-Man.'' Now and then he went out on the hunt, 
and never was known to come home without killing a deer, and almost 
every time he came home with a big buck. One time when he was 
out hunting he killed a deer and then started back for home, and when 
he reached home he found his little boy there alone and not as usual, 
for he looked weary and frightened. When his father asked him where 
his mother was he began to cry and said he did not know ; that all he 
knew was that she took a water bucket and went down toward the 
creek. He said that he had run over there two or three times calling 
his mother, but no answer came. Then both the little boy and Medi- 
cine-Man went down to the place where the woman usually went to 
get water, but they could not find her. They found foot-prints at the 
edge of the water, and then the Medicine-Man knew that his wife and 
the mother of his only child was dead and gone ; that something had 
taken her life ; so they came back to their home and mourned for her 
six days. They built a fire and watched it and stayed by it for six 
days and nights. 

The seventh day Medicine- Man told his son that he was going hunt- 
ing, for their meat was about out. He went out to hunt and the little 
boy stayed at home alone. While his father was gone the boy would 
play around the house, shooting with his bow and arrows. When 
Medicine- Man came home he found his little son there waiting for 
him. Medicine- Man went out to hunt the second and the third time 
and found the boy safe on his return. The fourth time he went out. 
While he was gone the little boy went out to play. While he was 
shooting with his bow and arrows he saw some one coming toward 
him. He was not a man, but a boy of his own size, and had with him 
a bow and arrows. Medicine- Man's boy was afraid of him, and was 
about to run and cry when the unknown boy spoke to him, saying : 
''Don't be afraid of me, brother ; I know you don't know me. I am 
your elder brother." The unknown boy looked queer to him. He 
had a rather long nose and very long hair, but Medicine- Man's boy 
was not afraid of him since he had spoken. He continued : " I know 
you are lonely ; that is why I thought of coming down here to see you. 
Every time our father goes out for a hunt I will come to see you, but 
you must not tell him that I came to see you while he is gone. Say 
nothing to him about me. Now, brother, let us see who is the best 

*Told by Wing. 
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shot with the bow and arrows. ' * They began to play. Finally he said 
to his brother, ''Father is coming and I must go,*' and he ran back to 
the woods. Medicine-Man was far from home when the boy saw him 
coming, and when he came the boy was gone, and his son did not say 
anything about his having been there. 

Again Medicine-Man went to hunt, the second time and the third 
and the fourth time. When he came home in the evening after he had 
been out the fourth time the boy seemed troubled. They ate and then 
went to bed. About midnight the boy woke up and thought of his 
secret brother, and he thought at once that he must tell his father 
about his brother. He woke his father and said: "Father, I have 
something to tell you, although I was told not to say Bnything about 
it to you. ' ' Medicine- Man gave very close attention. * * Father, some- 
body comes here every time you go out to hunt, and he is not very 
big ; he is about my size. When he first came he frightened me and I 
started to rtm, but did not know where to go, and I began to cry and 
the boy told me not to be afraid of him, for he was my brother. He 
has a long nose and wears long hair and has a bow and arrows, and 
we always play around here every time you go out to hunt and he 
treats me kindly. He seems to see you, no matter where you are, and 
when you start home he knows when you are coming, and then runs 
for the woods, and when you get here he is gone.'* ** Well, my boy," 
said Medicine- Man, ** we must capture the boy some way. You must 
go out there and play just as if I had gone away again, and whenever 
he asks you where I am, tell him I am out hunting. I will turn into a 
very small insect and stay behind the door.'* 

The little boy ran out next morning with the bow and arrows and 
began to play at the usual place. Finally the other boy came, but 
before he came near he spoke and asked Medicine-Man* s boy where 
their father was, and the boy said that he had gone out hunting again. 
The boy began to look around, and finally he said : ** Who is that man 
behind the door ? '* at the same time running back to the woods. 

Again the next day the boy went out to play ; this time Medicine- 
Man placed himself at the edge of the roof of the grass house. When 
the boy came he asked his brother where their father was. He an- 
swered that he had gone out hunting, but the boy would not come 
near. He began to look around, and finally he said : ** Who is that 
man under the roof? ** and he ran back into the woods again. Then 
Medicine- Man said : '' We must catch him some way. When he sits 
down near to you, tell him that something is crawling in his hair, and 
then he will let you look in his hair. Then catch hold of a small 
bunch of his hair and tie it up four times ; then call me and I will be 
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there just as soon as I can. You must not let him go until I get 
there." The little boy understood. 

The other boy had already run away twice and this was the third 
attempt. This time Medicine- Man placed himself in the middle of the 
fire. The boy went out and began to play. Soon the other boy came. 
,He asked the boy where their father was and he told him he went out 
to hunt. The unknown boy began to look around, and finally he said : 
''Who is that man in the fire? '' and then he ran back to the woods. 
The next day the boy went out and began to play and the unknown 
boy came again, and asked the boy the same question. The boy an- 
swered that their father had gone out to hunt. This time Medicine- 
Man had placed himself behind another door, and the unknown boy 
found him again and went back to the woods. And so the fifth time 
came, and this time Medicine-Man placed himself in the air, and when 
the unknown boy came he found him again and went back to the 
woods. 

Medicine-Man tried once more. If he failed the sixth time he could 
do nothing more, for he would have used all his powers. He told his 
boy to go out again to play as usual, and this time his own boy did not 
see which way he had gone. Finally the other boy came and asked 
where their father was, and he told him that he was out hunting. This 
time the unknown boy believed him, and so he came near and sat down 
by him and the little boy got hold of his hair and said : " There is 
something crawling up in your hair, brother," and then the boy told 
him to get the bug out of his hair ; and the boy began to do as he had 
been told, and when he got through he called out, **A11 ready, father." 
Medicine-Man jumped out from the grass house, and then'they cap- 
tured the boy and took him into the grass house and held him there 
for six days. At the end of the sixth day the little boy boiled some 
water and they washed the other boy, and Medicne-Man cut his nose 
off and made it look like a human nose. Medicine- Man said : ** You 
have been coming here when I am absent and have been playing 
with my son and you call him brother. Now you may be his brother 
and stay with him and go out and play with him." The boys went 
out to play, and before Medicine-Man went to hunt again he went 
over to see the boys and told them he was going to hunt, and told 
them to stay at home and not to go to a certain place in the timber, 
where some very large squirrels lived, for they often killed little chil- 
dren. After their father was gone the unknown boy told his young 
brother they would go there and see the squirrels, and so they started. 
They could not find the place for a while, but finally they did, and 
they stood there for a good while watching the big hole in the tree. 
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After a while one of the big squirrels came out, and sticking his 
tongue out like a snake, took the younger brother into the tree. The 
other boy stood there watching the squirrel take his brother into the 
hole. He did not try to help his brother, for he knew he could get him 
out of the hole whenever he wanted to. After the boy had disappeared 
he went back to their home, and when he got there he found their father 
already returned from the hunt. The father asked him where his 
son was, and the boy told him that his brother and he were making 
lots of arrows, and that he came home after fire to dry the arrows with 
it. He took the fire and carried it to the timber, where he placed it 
near the tree where the large squirrel was. Then he brought some 
hard, red stones and put them in the fire, and when the stones were 
very hot he took one of them and threw it into the hole, and then 
another one. While he was standing there watching the hole he saw 
the large squirrel come out from the hole and drop down on the ground 
dead. Then he went over and cut the squirrel's stomach open and 
found his brother in there, still alive. He took him down to the river 
and washed him and then they both went home 

Sometimes these two boys would go out to make arrows. One time 
when they went out the unknown boy made two arrows for his young 
brother ; one he painted black and the other he painted blue. They 
made a small wheel out of bark of the elm tree. One of the boys would 
stand about fifty yards away from the other, and they would roll this 
little wheel to each other and would shoot the wheel with the arrows. 
They played with the wheel every day until finally Medicine- Man's 
boy failed to hit the wheel, and the wheel kept rolling and did not stop 
until it went a long way from them, and they never found it again. 
The boy felt very bad, and he wanted to get the wheel back, and so 
the unknown boy said : * * Don't worry, brother, for we can get the wheel 
back again. ' ' And so they started out, and they did not let their father 
know where they were going, nor how long they would be away from 
home. They went a long way and they could see the trace of the wheel 
all the way. Finally the unknown boy said : " Well, brother, we are 
about half way now, and we must stop for a rest. ' ' They began praying 
to the spirits to help them. The unknown boy had two pecan nuts, and 
he told his brother to watch, that he was going to put one of the nuts 
in the ground. Then they began to pray again, and while they were 
praying the pecan nut began to sprout, and it grew taller and larger. 
Finally the tree grew so tall that it went clear up into the sky, and 
then the unknown boy told his brother that he was going up on this 
tree, and that he must sit near to the tree, but must never look up to 
the sky, but down on the earth, and that he was going to be gone for a 
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good while, until he dropped all the bones that he had in his body ; 
that at the last he would drop his head, and then the boy must gather 
all the bones up, put them on a pile, cover them with buffalo calf's 
hide, take the black arrow and shoot it up just as hard as he could, and 
when he heard the arrow coming down to tell him to get out of the way, 
that the arrow was coming right on him, and that the pile of bones 
would get out of the way. Then he started climbing up the tree and 
the little boy sat on the ground looking down. After quite a while he 
saw one of the bones drop, and then another and another, and so on 
until all the bones had dropped, and then he gathered them up and 
piled them together and covered them with the buffalo calf's hide. 
Then he shot the black arrow just as he was told, and when he heard 
the arrow coming down he cried out : *' Look out, brother, the arrow 
is coming down right on you. Get out of the way.'* His brother 
jumped out from the buffalo calf's hide, and the arrow struck right 
where the hide was. He said, ** My father gave me very dangerous 
power, and so, brother, you must climb up the tree and he will give 
you power, too." The little boy climbed the tree, and he went clear 
up as far as the other boy had gone. He did not know where he was, 
and it seemed like a dream to him, and when the bones began to fall 
from his body he did not know it. All he remembered was that there 
was some one talking to him, but he did not see who it was, and the 
next thing he heard was, '*I/>ok out, brother, the arrow is coming 
right down on you. Get out of the way. ' ' He jumped out of the way 
and saw his brother standing there. His brother asked him what kind 
of a power he had received, and he told him that it was a great power. 
The boy told his brother to show him what kind of a power he had, 
and then the little boy began making a loud noise that sounded like 
thunder when it rains, and then the unknown boy let his tongue out 
and it looked like a flash of lightning. 

They went on until they came to a large lake, and when they looked 
near to the edge of the water they saw the trace where the wheel had 
passed into the water, but they could not find any place to cross. 
They sat down on the bank of the lake and began to pray again, and 
the boy planted another pecan nut, and soon a large tree sprang up ; 
but this time the tree did not grovf upward, but bent over across the 
lake to the opposite bank, and so made a bridge for them to cross upon. 
They went across the lake, and when they got across they saw the 
trace of the wheel, and a little way from the landing place they saw a 
narrow road leading toward the east, and a little way from the end of 
the road they saw that the trace of the wheel was gone. A little way 
from there they saw an old man going toward the lake, and then the 
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boy who had the power of lightning said : ** We must kill this man, 
because we know he is a bad man ; he is a cannibal." When they 
met this old man Lightning boy said to Thunder boy : **This is the 
old man who took our wheel, and he has it with him now, and it is in 
his right side.'' They killed the old man and found the wheel and 
took it, and then they went on and they saw, a long distance from 
them, a smoke, and they went there and found many people. The 
people did not know who they were at first ; they thought they were 
the old man, for this old man whom they had killed was their head 
man ; and so these two brothers killed all the rest of the people. They 
began to look all around and finally they came to a pile of human 
bones. They found the bones of the wife of Medicine-Man. Only 
one little finger was missing. They piled the bones together and cov- 
ered them with the buffalo calf*s hide, and Lightning boy shot the 
black arrow up, and when they heard the arrow coming down they 
said : ''Look out, mother, the black arrow is coming right oh you. 
Get out of the way," and the woman jumped out of the way. The 
boys greeted their mother, and then they all started back for their 
home, and when they came near to their home Lightning boy said that 
he was going on ahead. The other boy and his mother came on behind. 
Lightning boy got there first and found their father a very old man, 
and still weeping for his children. The yard around the grass house 
was overgrown with tall trees and weeds and grass, for the old man 
was not able to work any more. Lightning boy told him that his son 
and his lost wife were coming. The old man was glad, and went out 
to meet them. They all lived happily for a number of years ; then 
the father and mother died. The boys were lonely then, and so they 
decided to leave this world. They went up in the sky, and now when 
the clouds gather together for a storm Lightning and Thunder, which 
are these two boys who once lived on the earth and killed the monsters 
that lived here, are seen in their midst. 

18. SPUNTER FOOT BOY. 

An orphan boy who iiv^ed alone with his grandmother was a famous 
hunter and often went out on a long hunt with his friends. One time, 
while they were a long way from home, the boy was wounded by a stick 
that pierced his leg and broke off inside of it. His leg festered and 
swelled up so that he could not walk and his friends had to carry him 
home. His leg continued to swell until it was as large as his body ; then 
the skin broke, but instead of the stick coming out, a child came. The 
boy was angry and would not look at the child or have anything to do 
with it. His grandmother took pity upon the baby and cared for it. 
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One day while she was away the boy took the child and carried it to 
the lake, where he left it to starve or be eaten by the wild animals. He 
was afraid to return to his grandmother's home for fear she would know 
that he had thrown his child away, and so he went far off and lived 
alone. The child lay on the shore of the lake for a long time, and as he 
lay there he grew to be a good-sized boy. Finally many birds flew over 
the lake, and when they were about half way across the lake, the water 
appeared to leap up to the sky and draw the birds down. Every day 
the boy saw the water leap up to the sky whenever any birds flew past, 
and one time he saw a big water monster in the water. He saw the 
monster draw so many birds into the water that he was afraid it would 
kill all the birds in the land, and he wished that he could kill it. While 
he was thinking about a way to kill the monster, he felt some one hit 
him on the back. He turned around and there behind him stood a boy 
about his own age. He was Medicine-Screech-Owl, but the boy did 
not know who he was or an3rthing about him. Medicine-Screech-Owl 
asked the boy what he was thinking about, and the boy told him that 
he was thinking how he could kill the water monster that ate up all of 
the birds. Medicine-Screech-Owl told the boy that he would help him 
kill the monster. He showed him where the old woman, his grand- 
mother lived, and then he told him to go to her house and get six arrows 
and a bow and six grains of com from six kinds of com and then return 
to the lake. 

When the boy went to the old woman's house she was surprised and 
happy to see him, for she had been very lonely since the orphan boy 
and his son had disappeared, and had given up all hope of ever seeing 
them again. The boy told her what he wanted, and she gave him all 
he asked for. Then he returned to the lake, where he found Medicine- 
Screech-Owl waiting for him. Medicine- Screech-Owl took three grains 
of each of the six kinds of com and threw them into the air. They 
became birds and flew out across the water, and the water monster 
leaped up to draw them down. As he leaped up Medidne-Screech-Owl 
cried to the boy to shoot it. He shot the first arrow, but it did not go 
near the monster. The second went nearer, and so did the third, fourth, 
and fifth, and the sixth pierced it through. The great monster rolled 
over on its side and floated on the water, and then they could see how 
large it was. Medicine-Screech-Owl said that it was the largest water 
monster in the world. He told the boy to take his bow and pull the 
animal to dry land, but the boy knew that he could not move the mon- 
ster with his little bow, and so did not try. To his surprise Medicine- 
Screech-Owl took his bow, that was even smaller, and pulled the great 
monster to the bank. When he had done this he disappeared, and then 
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the boy went back to his grandmother's honse and told her about the 
bo3' he had met at the lake and how they had killed the big water mon- 
ster. The old woman knew that the boy's companion was Medidne- 
Screech-Owl, and she also knew that he had given the boy wonderful 
power, though she said nothing. 

The next day the boy went to the lake again. He found the water 
very low, since the monster had been pulled out of the lake, and it was 
so clear that he could see many fish swimming about. He dived down 
to catch some of the fish, and a big sword-fish swam up to him and 
went right through him. The boy, though severely wounded, did not 
die, but shot the fish with his bow and arrow. The next day he again 
went to the lake to fish, but found that all the water had gone. In 
the mud he saw two large shells. He carried them home and cut them 
so that he could put them over the holes that the sword-fish had made 
when it cut its way through him. He wore one in front and one be- 
hind, so that no one could see the wounds that the fish had made. 
The shells had the power to hear any sound in the whole world, and 
whenever he wanted to hear an3rthing he removed the shells from the 
holes and put them to his ears. With the power of hearing every 
sound in the world and the power given to him by Medicine-Screech - 
Owl, he became a great medicine-man and the people began to fear him 
and planned to kill him. When he heard that they were going to kill 
him he told his grandmother that they would leave the people, but 
that he would do them harm some time becattse they had planned to 
kill him, and so made it necessar>' for him and his grandmother to 
leave. They went to a high mountain near the village, and made 
their grass hou.se on the ver\- top of it. He found two fierce dogs and 
placed them at his door to guard the house. 

The boy knew who the people were who had planned to kill him, 
because he had heard them talking by means of his wonderful shells. 
Soon they died, one after another, until the people of the village began 
to .stLspect that the boy was bewitching them and causing them to die. 
Many of the warriors tried to steal up to his home on the mountain 
and kill him, but with the magic shells he could always hear them 
coming, and would set the dogs on them, so that they could never 
approach. 

He kept on bewitching so many people that finally Medicine-Screech- 
Owl decided that he would have to interfere. He started up the trail 
to the boy's house, but first he blew his breath so hard that it took the 
magic power of sound from the shells, so that the boy could not hear 
him coming. When he was almost at the top of the mountain he blew 
his breath again and the dogs rolled over asleep, and when he passed 
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them they were so sound asleep that they did not wake up and bark or 
give any warning of approach. He passed the dogs ; then he blew his 
breath again and the old woman fell over asleep. Again he blew his 
breath, and the boy fell down asleep. Medicine-Screech-Owl then 
entered the house and took the shells off of the boy. He walked around, 
looking at everything, then went away. When he was almost down 
the mountain he blew his breath and the boy woke up. He missed his 
shells at once and began to look everywhere for them. He called his 
grandmother to come and help him look, but she did not wake up. 
Finally he shook her so hard that he shook all of Medicine- Screech- 
Owl's breath out of her, and then she woke up and helped him look 
for his shells. He went outside and found the dogs asleep ; then he knew 
that some one had been to his house and stolen his shells. He called 
the dogs, but could not wake them, and so he took a club and knocked 
the breath out of them. They woke up and at once scented Medicine- 
Screech-Owl's tracks and started after him. The boy followed, and 
they soon came to a big circle of fire. In the midst of the burning circle 
stood Medicine-Screech-Owl, and he was wearing the shells. The boy 
had no power that would take him through fire, and so he had to return 
without his shells. Medicine-Screech-Owl kept the shells for some time, 
and then he took them back to the boy, but before he gave them to him 
he made him promise that he would not bewitch the people any more. 

19. MEDICINE-SCREECH-GWL.* 

Medicine-Screech- Owl was born at lyOng-Timber-on-the-Top-of-the- 
Hill. His father and mother were very old and lived near the center 
of the village. When his first birthday came he was given bow and 
arrows. His father and mother were asking each other what name 
they should give to their child, but before they could name him he 
spoke and said, '*My name shall be Medicine-Screech-Owl.*' His 
mother scolded him, because at this time there was also a man by the 
name of Medicine-Screech-Owl, and he was an ex-chief ; but he said 
that he would have no other name, and so his parents named him 
Medicine-Screech-Owl. One night someone passed near the village 
and heard the child's mother calling him by the name of the ex -chief . 
When the man came to the ex-chief's place he told him that the child's 
name was the same as his. When the ex-chief heard this he was 
angry, and told the people that he was going to kill the boy if he did 
not do as he should tell him to do. He sent for him, and when the boy 
came to his lodge he gave him watermelon seed and said : ** Go back 
and plant this watermelon seed this evening. In the morning go and 

*Told by White House (Caddo Jack). 
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bring to me a great big watermelon to eat." ** All right,'* said young 
Medicine Screech-Owl. He took the seed, went back to his village, and 
told his father and mother what the ex-chief had told him to do. That 
evening the boy went out a short distance from his lodge, threw the 
seeds upon the ground, and there sprang up a large watermelon plant. 
He then went back to the lodge and told his father and mother what 
had happened. Early in the morning he went out to his watermelon 
vine, and he found many large watermelons on it. He took one of the 
melons to the ex-chief, who was surprised, and he thought that surely 
the boy was going to be a wonderful man. He was so jealous of him 
that he determined to destroy him, for he thought that if he did not 
young Medicine-Screech-Owl would get ahead of him in every way, 
and that the people would no longer pay him any attention. The boy 
went back to his village and told his father and mother all about what 
had happened. The ex-chief sent for the boy the second time, and the 
boy again went to his lodge. The ex-chief had brought the boy a large 
bull to milk. He told him to take the bull to his lodge and to bring 
the milk over the next morning. The boy took the bull over to his 
village, but instead of milking it when morning came he took an axe 
and went out near the ex-chief's lodge to chop some wood, and when 
the ex-chief saw him chopping wood he went to him and asked him if 
he had already milked the bull. The boy told the ex-chief that he 
had not milked the bull, but that he was in a hurry to cut some wood 
to take home. The ex-chief asked him why he was taking the wood 
home. ** Well," said the boy, ** my father is going to have a child." 
The ex-chief laughed at the boy and asked him if he ever had seen a 
man have a child. The boy said, *'No; I never have." Then he 
asked the ex-chief if he ever had seen a man milk a bull or a bull give 
milk. The ex-chief was very angry. The boy returned to his lodge 
and told his father and mother what had happened. The third time 
the ex-chief sent to have the boy come over to his lodge, informing him 
that he and some of his friends were going to have a fine time and a 
big dinner. In the meantime the ex-chief and the others were digging 
a big hole in the ground, in which they were going to throw the boy. 
They dug the hole about fifty feet deep and about four feet in diameter 
and covered it with a buffalo robe. When the boy came the ex-chief 
told him that he had already fixed a place for him to sit. Young Medi- 
cine-Screech-Owl never left his bow and arrows, but alwa3rs had them 
with him everywhere he went. When he entered the ex-chief's lodge 
they told him to be seated. He laid down his arrows and bow and went 
and sat down on the hide, and down he went into the hole. The ex- 
chief was very glad, for he thought surely he had killed the boy. He 
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commenped filling the hole with heavy stones and dirt until he supposed 
that the boy was dead. 

One evening the same person, who had passed the lodge and heard 
the boy's mother calling him by the ex-chief's name, passed again, and 
again heard her calling the same name, and he heard young Medicine- 
Screech-Owl answering her. The man went to the ex-chief's lodge and 
told him that the boy was still living, because while lie was passing by 
his lodge he had heard his mother calling him and had heard him 
answering. When the ex-chief heard this he became very angry, and 
said that he was going to try once more, and if he failed to kill the boy 
this time he would leave him alone. He sent for the boy the fourth 
time. He came, and found that they had built up a big fire. The 
ex-chief told the boy to go right into the middle of the fire and sit 
down, for he wanted to see if he had any powers at all ; that if he had 
any powers he would not burn up. The boy went into the midst of 
the fire and sat down for a long time, until the fire burned out ; then 
he arose unharmed. When he had come out of the fire he made another 
big fire and told the ex-chief that it was his turn to go into the fire, to 
show whether or not he had any power. The ex-chief went in and 
the fire burned him to death. 

From that time on the boy would go from place to place. Finally 
he grew to be almost a man in size. Many times he would run away 
from his father and mother, and when he returned his mother would 
scold him. Still he continued to go off wherever he pleased. The 
reason why his mother scolded him so much when he went anywhere 
was because she knew that there were many people who were envious 
of his power and would try to kill him ; but the boy did not care for 
that. There was one place where three of his enemies were living, 
who were always talking about killing him. Medicine-Screech-Owl 
heard these men talking about him, and so one day he determined to 
visit them. He quietly stole away from his father and mother, for he 
dared not say anything to them about going, for fear they would not 
let him go. When he came to the place he found the three men at 
home, and when they saw him coming they all came out from their 
lodge and were very glad to see him, for they had been wishing for a 
long time that he would come. They asked him where he was going. 
He replied that he had come over for a visit to his friends. They asked 
him to go into the lodge. Young Medidne-Screech-Owl knew that he 
was to go in first, and that all the others would come in and attempt 
to kill him. The door they had to enter was very small, although big 
enough for one man at a time to enter. When Medidne-Screech-Owl 
had entered he stood by the door and waited for the others to come in. 
4i> 
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His only chance was to kill them. He stood by the door waiting and 
ready to strike the first to enter. As the first man entered, he struck 
him on the head and killed him, then pulled him in just as quickly as 
he could, to make it appear that the man had entered without anything 
happening. Thus he killed the second and the third man. Then he 
returned home and told his mother and father all that had happened. 
Another time there was a man called Snow-and-Cold, living with his 
family far away in the north. When anybody went over there on a 
visit and happened to stay over night, he would be frozen before 
morning. Medicine-Screech-Owl heard all about this man and made 
up his mind to go and visit him and his family. One day he started 
out. It took him a long time to reach the place, for he had to go 
across a large lake. When he came to the water he stood on the edge 
of the bank. He wore on his head an eagle feather, and he took the 
eagle feather off from his head and placed it on the water and placed 
himself on the eagle feather. The feather began to sail across the 
water. On the other side of the water were many geese, and when 
any one came across the water the geose would make so much noise 
that the people at the home of Snow-and-Cold would know at once 
that somebody was coming. When young Medicine-Screech-Owl went 
across to visit old man Snow-and-Cold the geese did not see him when 
be landed on the other side. He stepped off from his eagle feather 
and placed it on his head again and walked straight to the place where 
Snow-and-Cold lived. All this time nobody had seen him. Medicine- 
Screech-Owl went into the lodge where Snow-and-Cold was and found 
him lying down, asleep. Medicine-Screech-Owl spoke to him and 
asked him how he was getting along. When Snow-and-Cold awoke he 
looked around, but could see no one. Again Medicine-Screech-Owl 
spoke to him, and this time Snow-and-Cold arose from his bed and 
began to look around. He could find no one in the room. When he 
started to lie down again Medicine-Screech-Owl spoke to him and 
showed himself. Snow-and-Cold was surprised to see Medicine-Screech- 
Owl there and asked him what he wanted. Medicine-Screech-Owl re- 
plied that he had come over on a visit, because he had heard so much 
of the place. When evening came Snow-and-Cold told the boy to sleep 
right there, in a bed which had nothing but snow on it. After they 
had gone to bed Snow-and-Cold did not go to sleep, but kept watching 
the boy, for he thought he would surely freeze to death in a little 
while ; but every time Snow-and-Cold looked over to see him he would 
see a light right next to his head. He wondered what it could be. 
Medicine-Screech-Owl had his feather sticking straight up on his pillow 
during the night. Snow-and-Cold arose, reached for the cane which 

e had placed at the foot of his bed next to a place that seemed like a 
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fireplace. Medicine-Screech-Owl watched him all this time, but he did 
not know that he was being watched. Snow-and-Cold took the cane 
and punched the snow where it seemed like a fireplace, and the fire 
sprang out from the snow. When he had warmed himself he covered 
the fire and went back to his bed. Soon he saw Medicine-Screech-Owl 
get out of his bed, go for the cane, and punch the place, and out came 
the fire. When Medicine-Screech-Owl was through warming himself 
he walked back to his bed. Snow-and-Cold did not know what to 
think of Medicine-Screech-Owl. The next morning Snow-and-Cold 
called to Medicine- Screech-Owl to get up from his bed. He thought 
he had been frozen to death, but the boy jumped up and said that he 
had had a fine sleep. After he was through talking to Snow-and-Cold 
he said he would have to go back home ; that his mother would not 
like it if he should stay out another day. He started back, and when 
he reached home he told his mother all about it. 

20. MEDiaNE-SCREECH-OWL.* 

In a village there lived an old man, his wife, and one child, a beautiful 
girl. The girl had never been known to have a male acquaintance, and 
was always modest and well-beloved. Nevertheless, in some way she 
became pregnant. Her father and mother noticed this and called her 
attention to the fact, and asked her how it had happened and who was 
the father of the child. In those days it was the custom to find out all 
about such matters. The girl herself did not know how she had come 
to be in that condition and could not answer their questions. Her 
people were angry at her and much ashamed, but could not get her 
to answer any of their questions. She went as usual with the girls of 
the village to dig potatoes, but she could never find any and always 
returned without any. One time, after her mother had scolded her for 
never bringing home any potatoes, she was wandering slowly about 
trying to find some when she heard a voice cry, * * Mother. ' ' She looked 
about, but could see no one. Again she heard the cry, and then she 
knew that it was the child in her womb that was crying. The voice 
told her to go to a certain place and dig. She obeyed and found many 
large potatoes. When the other girls saw them they wondered, for 
they knew that she was never successful in finding them. 

The child was bom and, at his own request, was called Medicine- 
Screech-Owl. The mother and child lived apart from the others and 
were very poor and often hungry, for they had no one to hunt food for 
them, and all they had to eat was what people gave to them. The 
child g^w rapidly and was soon large enough to play with the other 

•Told by Wing. 
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little boys. There was a lake near the village where the men fished, 
and the children were accustomed to go to the lake and watch them. 
One time Medicine-Screech-Owl asked his mother if he could not fish 
too. She only laughed at him and told him that he was too little ; 
but he begged so hard that she finally said he might go and try. 
He went, taking his little bow and arrows, and soon returned with a 
big fish. His mother was greatly surprised and gave her consent for 
him to go the next day. Again he came home with a big fish, and 
again and again, until his fame as a fisherman spread throughout the 
village. 

There were many who did not like the boy because they did not know 
who his father was, and when they heard about his success they began 
to fear him and decided to kill him. There was among the people a 
powerful Medicine- Man, and they asked him to use his powers against 
the boy and kill him. 

One day, while the boy was at the lake fishing, he saw the reflection 
of a big, black cloud in the water. He knew that the Medicine- Man 
was sending Thunder to try to kill him, but he did not fear. He walked 
into the water until it was up to his knees. Then came a peal of thunder 
and a shaft of lightning. He raised his bow over his head and the light- 
ning rolled from it into the water. Again and again the lightning shafts 
struck at him, but every time he caught them on his bow and hurled 
them into the water. At last the Medicine- Man realized that the boy 
had more power over Thunder than he had, and so he gave up. That 
evening the boy returned home with a big fish and told his mother what 
had happened. 

Nothing more happened for a long time, but one day while the boy 
was lying in his lodge resting it occurred to him that something was 
going to happen to him. He arose from his bed, took his bow and arrows, 
went back to his bed, lay down and began to sing. Soon he heard a 
great noise, and he knew that the Medicine- Man was sending Cannibal 
monster to destroy him. He heard the monster's roar, that sounded like 
thunder, but he lay still and sang as though he had nothing to fear. 
As the monster came nearer he could feel its hot breath, but he did not 
move until it leaped upon his lodge and fell through with an awful 
crash. Then he arose and killed it. 

After that Medicine-Screech-Owl started out to travel, and he went 
from place to place, killing monsters and ferocious animals and healing 
the sick. Where he was, death could not come, and so powerful was 
his touch that people were healed if he placed his hand on the diseased 
place. Finally, after he had been with the people for a long time, he 
called them together and told them that he was going to leave them. 
He disappeared and has not been seen since. 
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21. THE ORPHAN BOY WHO BECAME A WRESTLER* 

A boy lived alone with his old grandfather. His mother and father 
died when he was only a baby, and there was no one to care for him 
but his grandfather. They lived together, and the old man cared for 
the child as best he could until he had become old enough to play 
around. The grandfather was looking forward to the time when he 
could make bows and arrows for the boy and teach him to hunt, but 
before that time came the old man died and the boy was left alone. 
He went from lodge to lodge and begged, and whatever the people 
gave him he ate and was grateful. At night he returned to his lonely 
lodge and cried, for he was poor and alone and afraid. The boys of 
the village came to his lodge to see him, and they teased him and 
laughed at him because he was sad and did not know how to play as 
they did. He was brave and did not lose courage. When he was 
larger he made himself a bow and some arrows and went out to hunt. 
He brought back small game at first and was happy, because he no 
longer had to beg. 

One time when he was out alone far in the timber he heard a voice 
singing and calling to him to wait. He waited and a strange boy came 
running through the bushes. The stranger was homely, but so full of 
fun and energy that the poor orphan boy determined to make him his 
friend. They played together, and finally they tried to see which was 
the stronger. The stranger looked much stronger than the orphan, 
but, to his surprise, he found that he could easily throw him. The 
orphan boy could not understand how he could throw the strong- 
looking boy so easily, for all the boys in the village made fun of him 
because they could so easily throw him. The strange boy arose and 
smiled and said : ** I have given you my power. I am a wonderfully 
strong man. I have g^ven that power to you. Now you can go back 
to your village and throw any one you please. I have been watching 
you and seeing how the boys teased you. I have decided to give you 
power. Now you are one of the strongest men in the world and can 
throw any one." 

The stranger disappeared. The boy lay down to rest, for it had 
grown dark and he could not find his way home. The sun arose and 
the boy waked and started on to hunt. He killed three deer and started 
home with them. His load was heavy and he could not go fast. When 
he was far from home^darkness came again. He lay down on some soft 
grass to rest until daylight. Soon he heard a voice, and looking up he 
saw the same stranger who had appeared to him the night before. The 

•Told by Wing. 
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scmger asked the boy if he would not go to the meeting place where 
be aad all his friends met to wrestle. The boy said that he would go. 
Tbe stranger helped him carry his meat, and soon they were at the place. 
There were many boys and men there. One stepped forward and asked 
the orphan boy to wrestle with him. The boy easily threw him. A 
McoDd, third, fourth, and fifth came forward, and he threw one after 
another. Then the strong men began to fear the boy, and they all went 
away and left him alone with only the one who had given him the power. 
While they sat down to rest, the strong man told the boy more things 
about the wonderful power he had given him and how to use it. When 
the sun arose the strong man disappeared and the boy took up his 
meat and returned home. He had been home but a few days when it 
was noised about the village that the boys were going to have some 
wrestling matches. He went to watch the wrestling, but stood far out 
from the ring among the spectators. Soon a young man from the ring 
called him to come in, if he were not a coward. He only shook his head. 
Again the young man called, not thinking that he would come, but only 
to tease him. The boy at once threw off his blanket and ran into the 
ring. In a short time he threw the man and killed him. Then he 
asked for another to come and fight with him. None came. All were 
afraid of his great stren^h. The report of his deeds soon spread among 
the people, and it was not long before he had the respect and fear of all. 

22. THE DANGEROUS WATER MONSTER.* 

When the world was new and not well known it was a dangerous 
place to live in. One time when there were many people camping 
near a small creek one of the men went down to the creek to get 
water. After he had finished drinking he looked into the water and 
saw a large animal that looked like a snake. It was slowly moving 
up the creek and he saw that it was very long. He ran up the creek 
to see how long it was, and he ran about two miles before he came 
to its head. Then he started for the camp, and when he arrived 
he went to his grandfather, who was always at home, because he was 
a very old man and could not hunt with the others. He told him 
what he had seen, and when he finished telling him the grandfather 
said : ** You have seen some wonderful thing, my son, that has been 
sent as a sign to our people." He did not know what the sign was 
and so he called for the errand man, and when he came the old man 
told him to call all the people together at his lodge, for he had something 
to tell them. When the people came in he at once told them about 
what his grandson had seen. Some of the men would not believe him, 

*Toldby Wing. 
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but most of them went down to the creek and there saw the water 
monster and knew that the man had told the truth. They all wondered 
why it had come and whether it was a good or evil omen. The old 
men tried to recall the past, to find out if the people had ever had a 
similar sign sent to them, but could not remember any. There was 
one man in the camp who was old and blind, and he knew many won- 
derful things ; and so the people went for him, and when he came the 
chief asked him if he knew what the appearance of the water monster 
meant. The old man sat there for a while without a word, and every 
one was very quiet. ** Well,*' he said, finally, ** the sign is a very bad 
one, for it signifies that the waters shall rise in a short time." It was 
not long until the waters rose and formed a large lake. The lake was 
very dangerous. When one crossed it he had to cross without saying 
a word to any one. 

One time there were four men who went out hunting on the other 
side of the lake, and after they had killed much game they started back 
again. They crossed the lake without making any noise and were within 
a short distance of the opposite shore when one man, who was very 
brave, thought he would see what the water would do to them if he 
spoke. He began to talk very loud, and in a little while the water rose 
up in a cloud over their heads and they were all drowned but the one 
man who had told that the water was very dangerous and warned the 
man not to talk. He went home empty-handed, for his bow and arrows 
had been washed away. He called some other men together and told 
them what had happened and asked them to go with him to search 
for the bodies of the men. Two of the bodies were found, but the body 
of the man who made the noise could not be found. 

23. SLAYING THE MONSTERS BY FIRE.* 

In the olden time the world was full of all kinds of wild animals who 
ate people and tame animals. In those times Coyote called all the people 
together to a council to see what could be done with the wild animals, 
because they were getting so bad that the people could not go away 
from their homes to hunt food or to visit each other. At the council 
they decided to set fire to all the grass, which was as high as trees, and 
so bum the wild animals and everything on the earth. They chose 
White- Headed-Hawk and Crow, because they were the swiftest of all 
the people, to fly to some bright Star and tell the Star that they were 
coming to his home to live. The Star told them that there was room 
for the people in the heavens if they could get up there. The messen- 
gers returned and reported to the people. They decided to make a long 

* Told by White-Bread. 
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rope out of soapweed and go to heaven on that. They began to gather 
the soapv^'eed and twist it into a strong rope. The rope was finished ; 
then Whitc-Headed-Hawk and Crow took it and again flew to the 
heavens. They gave the end of the rope to the Star, who put one end 
of it under a big stone and let it hang down. It was so long that it 
reached the earth, and the people saw it hanging ready for them to 
crawl up when the time came. They appointed two men, Gray and 
Black Snakes, to carry the fire over the world. One was to carry the 
fire to the east, then to the south ; the other was to carry it to the west, 
then to the north. Soon the people noticed a cloud of smoke, and then 
the .sun Ixrgan to fade and look dim, and a great noise of all the wild 
animalA arofte. The people saw the fire coming nearer, and so they 
fjegan to climb the rope. After all the people were on the rope and had 
dimlxd up a little way the wild animals came and began to cUmb up. 
Ttte iK:r;ple naw the animals coming up, and so they appointed Bat to 
cut the Uf]je just at>ove the wild animals, and they gave him sharp teeth 
Uf cut the T(f]H: with. Bat l^egan to fly around as though looking for a 
I^la^re mi the rojxr to stay. Finally he asked the first wild animal to let 
him in by him, and he did. After a while the animal noticed that Bat 
WdH eating fk>mething, and he asked him what it was, and Bat said that 
he wan eating a parched grain of com that his grandmother had given 
him. He kept on chewing the rope when the animal was not looking, 
ftii/l finally the rope broke and let all of the wild animals down and 
tfiatiy were killed. Bat went down to make sure that all were killed 
or tiurtied. He saw an immense animal on the ground and all the other 
ftuimtL\n cniwling into it to escape the fire. Bat went into the animal's 
n/i«K- ati/1 pulled out some hairs. This made the animal sneeze and blow 
all of the other animals out and they burned to death. Bat flew up to 
tell the iH'Oplc that all the wild bad animals were killed, and so they all 
came down the rope again. 

24. SLAYING IHE MONSTERS BY FIRE.* 

In the fKrginning of the world there were animals that lived with 
tnmiati fx'ings and were kind and friendly, but there were other animals 
that were very strong and dangerous. At that time, when the earth 
was new, the grass was taller than the highest trees are now, and many 
wild animals prowled through the high grass, and that was the reason 
why the world was so very dangerous. One time the people met in 
council to make plans to kill all the dangerous animals in the world, 
and Morning Star, who was one of the head men in the council, arose 
and said : ' ' There is only one way to kill these animals and that is to 

* Told by Wing. 
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burn the g^rass all over the world. I know how large the world is and 
what a big task we have, but we must do it." 

As every one was willing to try Morning Star's plan, he told a man 
who was present at the council that most of the work would fall to him, 
but that he would appoint two men to help him carry out the work. 
The man's name was Fire, and the first man appointed to help Fire was 
the fastest runner in the world, and his name was Black Snake ; the 
second man was the slowest in the world, and his name was Skunk. 
Fire took hold of Black Snake's tail and put fire on the end of it, and 
then took hold of Skunk's hind foot and placed fire between his toes. 
They both started out at the same time, the one going to the north, 
the other around to the south, so as to meet somewhere in the west, 
since they started in the east. While these two were on their way the 
people decided to make a long rope out of soapweeds that would reach 
up to the sky. Everybody helped make the rope, and as they worked 
Pigeon would go up into the blue sky to see how near the fire had 
approached. After a time the people could see that the sky was getting 
very dark on account of the smoke from the fire, and so they worked 
hard and fast to get their rope long enough. Finally they had the 
rope finished, and they appointed Crow to take it up to the sky. Crow 
took the rope and flew and flew until he was out of sight, and it was a 
long time before he returned, but when he came he assured the people 
that he had the rope firmly fastened to the sky. The fire was approach- 
ing rapidly, and so the people began climbing up the rope. After the 
people had climbed up, all kinds of animals came and began to get 
hold of the rope, and all the bad animals came, and then the rope 
began to move upward. After the people were high up they sent a 
man down the rope as far as the first bad animal. This man's name 
was Bat, and because he had very sharp teeth he was sent to cut the 
rope. The animal saw him chewing something and asked him what 
he was eating. Bat said that his grandmother had parched some com 
for him and that he was eating it. He kept on cutting the rope, and 
finally it broke and let the bad animals fall down. When the animals 
dropped down to the ground Bat followed them down to see what 
would become of them. He saw a large animal and heard it call 
all the other animals to enter his body through his nose, ears, and 
mouth. These animals went in, and so large was the big animal that 
it had room inside of it for all the bad animals. After all the others 
were in, Bat slipped in and began to pull out some hair from the 
animal's nose. That made the animal sneeze, and he sneezed so hard 
that he threw all the other animals out through his nose. The animals 
were scattered every place and burned, for the fire was upon them. 
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Bat flew up where the people were, but he was scorched a little before 
he could get there, and that is the reason bats are yellowish in color. 
After the bad animals had all been burned the people returned to the 
world again, and ever since the world has been a good place to live 
upon. 

25. HOW THE BUFFALO CEASED TO EAT HUMAN BEINGS.* 

When the world was new there were many wild and fierce animals, 
and the bufifalo were among the fiercest, for they ate human beings. 
In those days the buffalo were many-colored and roamed the plains in 
great herds, and were so numerous that men could not go out on the 
plains alone for fear of being caught by them. There was one great 
man who received power from the Father, and he had the power to go 
right into the midst of these terrible animals and kill them without 
being hurt. That man was Buzzard, and he was the only man who 
possessed such power. All the other people had to live in villages 
together that they might protect each other and hunt together. One 
time some men went out in the timber alone to hunt turkey and deer. 
They wandered far, and when they started home they found that they 
had to cross a long stretch of lonely prairie. While they were hurry- 
ing across the vast stretch of country they saw a black cloud arise in 
the west and come nearer and nearer, until at last they knew that a 
great herd of buffalo was sweeping down upon them. They threw the 
game from their backs, threw away their bows and arrows, and ran as 
fast as the wind. The buffalo, dangerous as they were, were not good 
runners, and so the men reached the timber before them and ran into 
the dense thicket. 

After these men succeeded in escaping, the people took courage and 
ventured farther away from home. One time four men went out to 
hunt bear. They went into the timber that lay between two moun- 
tains and there they found the fresh tracks of a bear. They trailed it 
all through the timber and over the mountain, and found it at the edge 
of the timber at the foot of the mountain. The bear ran out to the 
open plain and the men pursued and killed it. While they were cut- 
ting it up to carry home they heard a g^eat noise, like thunder, coming 
across the plains. They looked and saw that the buffalo were upon 
them. They tried to escape, but it was too late. The buffalo caught 
all but one man, who succeeded in gaining the timber and climbing a 
tall tree. All day the buffalo surrounded the tree and tried to butt it 
down, but could not. Night came on, then they returned to the plains 
and the man climbed down and ran to his home. He told all the 

•Told by White-Bread. 
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people how the bufiFalo had surprised them and had killed his three 
companions. The people hastened to the place, but found nothing but 
a few bones scattered about. Prom that time on the bufiFalo ate many 
people, until Coyote came. Then the people left this dangerous coun- 
try and went into another. They went through the gate to the new 
country, and Coyote went with them. He was the last to go through 
the gate, and as he went he shut the gate, so no dangerous animals 
could enter, and he let through only a few bufiFalo who had never 
tasted human flesh and so were not dangerous. 

26. THE GIRL WHO HAD POWER TO CALL THE BUFFALO. 

A girl who had power to call the bufiFalo lived with her six brothers. 
The brothers were stars, and every night they left the girl to travel 
through the sky. Every morning after they had returned from their 
nightly journey they put the girl in a swing of lariat rope that hung 
down from the sky and swung her through the air. As she swung 
through the air the bufiFalo saw her and came. The boys killed all that 
they wanted, and then the rest of the herd went away. In this way 
the girl called the bufiFalo for her brothers, and so they always had 
plenty to eat. 

One time Coyote came to visit them, and, finding that they always 
had meat, he decided to come and live with them. The brothers did 
not think much of Coyote, but they decided to let him stay. Every 
morning he watched the boys put their sister in the swing and swing 
her until the bufiFalo came. Before the brothers would let Coyote watch 
them swing her they made him promise that he would never try to do 
the same while they were gone, because if any one else tried to swing 
the girl he would swing her too hard and she would swing to the sky 
and never return. Coyote promised, but one day while all of the 
brothers were gone he called the girl to come and get into the swing. 
She refused, but he threatened her and made her obey him. She 
climbed into the swing and Coyote pushed her. The bufiFalo did not 
come, and so he pushed her again and caused her to go higher and 
higher through the air until she disappeared. Coyote became fright- 
ened and called to her to come down, saying that if she did not come 
he would jump up and pull her down. The girl did not come, and he 
could not see her. 

When the brothers came home they missed their sister and asked 
Coyote where she was. He said that he did not know, but that he 
thought some monster had carried her away. The brothers knew that 
Coyote had lied, and that he had been the cause of her disappearance. 
They drove Coyote away, telling him that he and his children would 
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always be hungry because he had disobeyed them. Then they held 
a council among themselves and decided to go to the sky and live there 
with their sister. 

27. THE OLD WOMAN WHO KEPT ALL THE PECANS.* 

There lived an old woman who was mother to all the pecan trees. 
She owned all of the trees and gathered all the nuts herself. When 
people went to her lodge she would give them a few pecans to eat, but 
would never allow them to take any away. The people were very fond 
of pecans and they wanted some for their own use, but the old woman 
would not let them have any. One time the people were very hung^ry 
and the old woman had ever>'thing in her lodge filled with pecans, but 
.nhe would give them only a few when they went to see her and she 
made them eat them before going away. This made the people ang^ 
and they decided that something must be done. 

There was in the village an old man who had four little sons who 
were very troublesome and meddlesome. The people — ^they were the 
field Ruts —thought that these four little boys would be the right ones 
to go over to the old womun\s house some night to try to steal some 
of the nuts. They chw«e the four boys both because they were small 
and quiet and sly and because they were such a nuisance around the 
villnge that they would be no great loss to the people if the old woman 
klllc<l them. The Rats were willing to go because they were alwajrs 
glad to 1)0 meildling. They chose one to slip over and make sure that 
the old woman was asleep. He went to her lodge and peeped in through 
a Muuill crack and saw that she was still at work. He waited until she 
fitiislRHl her work and went to bed : then when he heard her snore he 
ran back home to tell his brothers to come. When he went inside his 
father's Uxlge he saw a stranger sitting there. The stranger was Coyote. 
He had come to tell the Rats not to trouble about stealing pecans from 
the old woman, for he was going over the next day and kill her. Coyote 
was afraid to trust the Rats. He wanted to go himself, so he could get 
the most of the i>ecans. The next morning he went over to see the old 
woman and acteii very friendly. The old woman gave him some pecans 
and he sat down and ate them all up. Then he asked her for some 
more, and as she turned around to get them he pulled out his stone knife 
and struck her on the head. She died, and e\*er since then the pecan 
trees have g^wn everj-where and belong to all of the people. 

♦Told by Wing. 
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28. THE COWARD. THE SON OF THE MOON.* 

In the beginning, when the people first came out of the earth, a little 
boy was taken out with his grandparents, but his mother and father 
were left behind in the earth. The old people loved the child dearly 
and cared for him, but because they were old they were poor, and so 
the boy was often hungry. Sometimes other little boys took him to 
their lodges and fed him, and then the old people were happy ; for 
they did not mind being hungry themselves, so long as their grandson 
had something to eat. He grew rapidly and soon became old enough 
to hunt game ; then the old people always had plenty to eat, for he 
was successful on the hunt. One time, when he came home from a 
long hunt, he found his grandmother sick, and in a few days she died. 
The boy grieved for his grandmother, but remained with his grand- 
father to comfort and provide food for him. One day the grandfather, 
who was an old man, dropped dead. Then the boy, left all alone, 
gave up to his g^ef and spent days and nights in mourning. He 
wandered far away into the timber to mourn, and in his grief and lone- 
liness he prayed that he might die. While he was praying one even- 
ing, just as the sun was going down, he heard some one calling him. 
He turned and saw a man coming, and when the man came near he 
opened out his arms to embrace the boy, and said : "I will be your 
father, and I will look upon you as my own son. One time you 
wished for me, and now I have come to claim you as my own. I am 
the Moon, who keeps watch over everything in this world. Go back 
to your people now and some time I will come for you. In the mean- 
time remember that I will always watch over you and give you power. ' * 

The young man went back to his home and wept no more, for he did 
not feel so lonely and forsaken, now that he had a father. After a 
time a girl came to his lodge and asked to become his wife. He ac- 
cepted her and they lived together. One time while they were at dinner 
he said : ** Some one is coming with news for the chief.** The person 
was then several days* journey from the village, and so his wife saw 
that her husband had g^eat power. One time he was told by a mother 
to watch her child while she went out to get water. She told him that 
the child was asleep, and if it woke up to give it a buffalo bone to 
suck. When the mother was gone he woke the child up and cut its 
leg off. When the mother returned she saw her child lying dead upon 
the blankets, and saw the young man sitting beside it playing with its 

* Told by Caddo George. 
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kX' She ran and called the people and they came and killed the young 
naa- Soon after they heard that he was living with another family 
cot far away. The people went to the place where they had buried 
faini and ^aw that he had come out of the grave. Then they went to 
the family with whom it was reported he was living, and they found 
him there alive and looking just the same as before they had killed 
him, 

^>n': tim^: the tril>e went on the war-path and fought another tribe. 
All the mtn went except this man. The chief asked him why he did 
n^A y/f with the others to fight the enemy and kill a man instead of a 
YiXXhz child. Coward, for sr) the people called him, said that his father 
had n^A UM him U) have trouble with people. The chief asked him who 
bii» fatlier wa*i, but he did not answer. He arose, took up a war club, 
and wmt out to fight. The enemy shot many arrows at him, but soon 
they baw that the arrows flew off from him, and they knew that he was 
wonderful and could not Ix: killed. They turned to run, and as they ran 
lie killed many with his war club. The next day he became sick and 
fx;gan t/> fihake all over. Finally he vomited all the arrow heads that 
had {Merced his Ixxly, then he bathed himself and was well. After that 
the ije^/frfe knew that he had some great power. Many years after he 
told hiH (xrople that he was going away, and that evening when the 
M'>on came up he pointed to it and said: ''There is my father." 
Then he arose from the earth and went up to the Moon. 

29. THE RRST WAR PARTY.» 

When the people came into the world there were so many that they 
had to tx; divided into groups, and each group was given a difiFerent 
name, although they all belonged to the same tribe. After a time the 
tribes began to fight with each other, and the Caddo fought the Kiowa 
and Comanche. The Caddo gathered one time in council and the chief 
told the errand-man to cry out for all the young men to come to the 
council. The young men came and the chief asked all of those who 
wanted to fight the other tribes to sit in a circle. After the circle was 
formed the chief brought the largest bufiFalo hide that he had and laid 
it upon the ground in the center of the circle. Then he gave each man 
a stick and they all beat the buffalo hide with the sticks and sang a war 
song. They began singing at sunset and continued tmtil Morning Star 
drove the other stars away. 

In the meantime the chief and his assistants went ahead to choose a 
good place with water near by to make a camp. At dawn all the men 

♦Told by Wing. 



THE FIRST WAR PARTY. 55 

arose and marched out to the place, continuing their war song as they 
went. They were not allowed to go back to their homes, but had to 
march all together out of the village. They waited until noon at the 
place the chief had chosen, so that others who decided late to join the 
party would have time to catch up with them. They all stopped their 
songs and ate, and, while they were eating, the chief made the following 
speech : 

** I want to make certain rules for you, my men, for if you are to 
become great warriors you must learn to obey. First, I want all to 
move forward in one body and want none to stop by the way. I will 
appoint two men who shall be water-carriers, and I want each man to 
drink only when water is brought by the water-carriers, and not to stop 
and drink at every spring or stream. A drink of water three times a 
day is enough for each man. We will also eat three times a day. March 
on, now, and remember to keep in one body, that we may overcome 
the enemy.** 

They marched by day and made camp by night. The chief always 
camped about a hundred yards in advance of the others, facing the 
enemy's country. When the men were near the enemy's coimtry the 
chief appointed four men to go on ahead as spies and to come back at 
night and report. They went out in all directions, but before going 
they arranged a meeting place, so that if any one saw the enemy he 
could go to that place, give the signal, and the other spies could join 
him and all race back to tell the leader that they had seen the enemy. 
When they reached camp they stood in line and waited for the water- 
carriers to give them a drink before they began to speak. 

They went on until they found the enemy and fought them, but 
scalped only one, for that was enough to show that they had been vic- 
torious. When the battle was over the warriors were all left to do as 
they pleased. The chief sent word to their homes that they had de- 
feated the enemy and were bringing back a scalp. The people decked 
themselves in paint and feathers and went out to meet the returning 
war party. When the people met the party the chief told the man who 
had the scalp to put it on a pole, and then all the young men raced for 
it, and the one who got it ran on until some one overtook him ; then 
that one took the scalp and ran on until some one overtook him, and 
so they raced home. The people at home were waiting for them, and 
when they arrived they all joined in a big war dance. 

So it was with the first war party, and so it has been with all war 
parties since that time. 
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30. THE POUEK OF THE OCLONf 

A N>y sat down on the hanks of the river to rest after hi< mumjig 
liath. and as he sat there watching the sun come up azxi listening to 
t)ic water and trtres. a voice from some place spoke in his ear and said : 
'* hoy. I have Inren watching you at your bath e^-ery morning. I 
kni»w that yunr ^grandmother has sent you htre every day in witter 
and in siimmer to pinnae into the water, no matter bow cold, that 
>ou nii^ht >;ain strength and liccome a strong man. hardened to 
endiiic. I have- cotne to give you that strength that you desire, and 

VWU UUttV." 

T\\v bi»y l(M)k<.d aUmt him through the trees and in the water, but 
foi a h>n^ time he saw nothing. After he had gazed into the water 
tni a Iniig time he saw slowly ari.sing to the surface a man. The boy 
was not (tightened, but sat still on the bank and waited. The man 
1 anu- 1 l«»se and sjnike to him. »*ayin>: : " I)ive into the water four times, 
and as \«iii dive always face the west." After the boy had dived four 
titiK s .liid av'.aiii sat <m the bank, the unknown person said : I am 
tlu- j»o\M I 1)1 the Cyclone. Once I was so strong and powerful that I 
hdtl all tile Winds in my control, and all people feared me. but now I 
urn Ki<*^^>i*K **1<^ '^"^l "LV strength is going from me. For some time 
I have Iwen Innkinv* over the world to find .someone to take my place 
and to whi>ni I (onld intrust my |>owers. As I was looking and almost 
df".|Miiiii;'. ot lindin^; a worthy young man, I foimd you. From that 
iiiii»- I li.iM iMf'U wat( liin^^ y«)U, and now at la.st I am come to give my 
jM.wi I tn Mill Swin^ your arms al>out.*' The young man began to 
'.will)', 111*, .iitiis. and soon a bi^. black cloud rolled up in the north. It 
jiiihsid III I 111- west, antl then, as the l)oy threw his arras about faster, 
tJH' wMi«l biokr from the cloud and pa.ssed through the forest, tearing 
up tn* . by the rfN)ts and tossing the waters in fur}' as it went. At 
iii'.i ihr til. in « iiid in a loud voice that was barely heard above the roar 
ol \\\r winds. " Slan«l still ! " 

Till JHiy dTo|i)K'd his arms at his .sides and .stood breathless and pant- 
inj^ with ilir exeition. The man said : " You have received my power. 
T.il-* f;iM- that you never abuse it, and .send the cyclone only in the 
'.piiiij',. win 11 it is necessary. 1 give you the name * Path-of-the- 
Cyiloiir' to be yours, and jK^ople shall know you by that name.*' 
'I In II ihf man disapjK-ared. Years after the people came to know the 
l*ow«r tin- boy iK>ssess<'d when they .saw him carried through the air to 
till- hky on the breast of the cyclone. 
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31. HOW THE CANNIBAL WAS DESTROYED * 

In the beginning of this world there lived many kinds of fierce animals. 
Among these animals was one especially that was called by the people 
living in those times the cannibal. 

One time there were three men who went out hunting. They went a 
long way from home and kept on going farther and farther in search of 
game. One day they came to a country timbered with many large trees. 
They came to one of these trees and saw that something had been 
climbing on the tree, and near the base there was a large hole. The 
men thought that a bear must have made the hole, and that the bear 
was in the hole. They gathered dry leaves and grass and made it up 
into a small bundle, and they set the bundle on fire and tied it to the 
end of a long pole and thrust the burning bundle into the hole. They 
kept on dropping bundles into the hole until they thought it about time 
the bear should come out. One of the bundles which was put into the 
hole dropped out from the hole, and then they knew that the bear was 
coming out. Finally some strange animal came and peeped out from 
the hole, and it was not a bear, but a cannibal. 

As soon as they saw and knew what kind of animal it was, they ran. 
The smoke cleared away and the cannibal came down from the tree and 
smelled around until he scented the tracks of the men, and then he began 
to follow them. These men were on foot and the cannibal was very 
swift, and so it was not long until he overtook one of the men and killed 
him. Then the animal took the man back to the woods, to the large 
tree, and went back after the other two men. After running a long 
way he overtook the second man. He killed him and carried him back 
and placed him by the side of the first man. Then he returned for the 
third man. When the third man was almost overtaken, and was run- 
ning with all his might, he saw something flat on the ground in front 
of him, but he did not stop. He saw that it was a mountain-lion, 
lying there watching and waiting for the approaching cannibal. The 
man ran on a way, then turned around and looked back to see what 
the mountain-lion would do. The cannibal did not see the mountain- 
lion lying there, and before he knew anything the mountain-lion 
jumped upon him and seized him by the throat. Finally the cannibal 
was overpowered and killed, and then the man started on for his home. 
When he got home he told his people what had happened to the other 
two men. When they all heard this they started down where he last 
saw the cannibal, and when they got to the place they found nothing 

* Told by Annie Wilaon. 
5l> 
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but many white and black wolves, which had already eaten the body, and 
there was nothing left but the bones of the cannibal. The men went on 
to the tree where the cannibal had lived. The tree was not burning, 
and so the men began to cut the tree down, and when it fell they found 
two bodies. They took the bodies out from the tree and buried them 
a short distance away. 

32. THE YOUNG MEN AND THE CANNIBALS.* 

Ten boys lived with their grandmother. One day the oldest went 
out to hunt and did not return. The grandmother worried about him, 
and so the next day one of his brothers went to look for him. He did 
not return, and so the next brother went out to look for his brothers. 
He did not return and another went, and so on until the ninth boy 
went out, leaving his little brother at home with his grandmother. 
They waited long, but none of the brothers returned and no news came 
of them. They worried and grieved and became sadder each day, until 
at last the youngest boy declared that he was going to look for his 
brothers. His grandmother begged him not to go and leave her alone, 
for she felt that the same evil fate would befall him that had come to 
his brothers ; but the boy was determined arid prepared to go. He 
went out and prayed for help and put an eagle feather in his hair just 
before starting, thinking that it might have some hidden power. The 
boy traveled far, and after a time he saw a tipi. He approached the 
tipi, and as he went near he heard some one laugh and say : ''Another 
one is coming. Cook some corn and we will soon have the meat." 
The boy understood the meaning of this, but he was so sad and weary 
that he thought he would as soon die as live, and so he went on to the 
tipi. An old man came out of the tipi and said to him : ''Are you 
looking for your nine brothers? '* " Yes," the boy answered. Then 
the man said : " I know where your brothers are and I will put you on 
the right path to find them, but first you must do some work for me. 
Lift that big log there and put it on the fire. I will give you four 
trials, and then if you can not do it you must lie down upon the log 
and let me lift it." 

The boy did not believe anything the man said, but thought he 
would try to lift the log and see if some power would not come to his 
aid in answer to his prayers. He tried four times, but could not move 
the log ; then he lay down upon it. The old man was just about to 
spear him with the iron nose of the mask he wore, when some unseen 
power pulled the boy off the log, and the iron nose of the mask caught 

♦Told by Wing. 
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in the log and held the old man fast. A voice said to the boy : '* Run 
to the tipi and take the ponnder away from the woman who is pound- 
ing corn, bring it here, and beat the old man to death." The boy 
obeyed, and when the old man was dead, the voice said : ** Gather up 
all of your brothers' bones. I will help you, for I know the bones of 
each boy, and put them in nine piles.'' A strange man, the possessor 
of the voice, appeared and helped the boy gather up the bones. When 
they had them all piled up the man said : ** Put your robe over them, 
shoot an arrow up in the sky, then cry : * Look out, brothers, the 
arrow will hit you ! ' *' The boy obeyed, and as he cried " Look out, 
brothers, the arrow will hit you ! " his brothers jumped out from under 
the robe. The man then told them to burn the tipi with the man and 
his wife in it and to scatter the ashes. After they had done all that, 
the man said : '' Return now to your grandmother. I am the Sun and 
I have helped you destroy the cannibals. ' ' Then he disappeared. The 
brothers all returned to their grandmother, who had almost grieved 
herself to death. They told their story, and the youngest boy told how 
the Sun had taken pity on him and helped him ; and from that time all 
the people knew that the Sun was their friend and always willing to 
help them in times of trouble. 

33. CX)YOTE AND THE SIX BROTHERS. 

An old woman lived alone with her seven sons. They were all good 
hunters and kept her busy preparing the game that they killed. One 
day the oldest son went out to hunt and did not return. After several 
days his dogs came back, but he did not come. The second son decided 
to go to search for his brother, and so he took the dogs and started out. 
After several days the dogs came back, but the second son did not come. 
The third son decided to go after his missing brothers. Again the dogs 
returned alone, and the brothers did not come. The fourth, the fifth, 
and the sixth sons in turn went to search for their missing brothers, but 
each time the dogs came back alone. The youngest son wanted to go, 
but his mother could not give him up, for she feared that he, too, would 
go, never to return. One day, after the brothers had been gone a long 
time, the little boy saw a raccoon in a tree. He asked his mother if he 
could not take hi^ bow and arrow and kill it. She said that he could, 
and gave him his bow and arrow. He chased the raccoon from one 
tree to another until it had led him far into the thick timber. Finally 
it ran down a hollow tree and he climbed the tree to get it out. While 
he was in the tree he heard some one speak, and, turning around, he 
saw a little old woman standing by the tree. '* Throw the raccoon 
down here, and I and the dogs will kill it," she said. He threw the 
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raccoon down and the old woman killed it and one of the dogs. Then 
she said, ** There is another raccoon in the tree." He palled out 
another raccoon and threw it down. She killed it and another one of 
his dogs. He saw another raccoon in the tree and he pulled it out, and 
again she killed it and another dog. He continued to pull raccoons 
out of the tree until he had pulled six, and each time the old woman 
killed the raccoon and another dog. As the boy was about to pull the 
seventh raccoon out, it spoke to him and said: ** Boy, when you get me 
out, throw me just as far as you can. I will run away and the old 
woman will chase me. While she is chasing me, you must jump and 
run home as fast as possible. She has already killed all of your dogs, 
and she will kill you next. She is a witch, and is the one who has 
killed all of your brothers. You must run from her.*' The boy said 
that he would, and then he threw the raccoon just as far as he could. 
While the old woman was chasing it he jumped out of the tree and 
started to run home. The old woman killed the raccoon, then returned 
to the tree, and when she found the boy gone she was angry, and 
started after him as fast as she could run, but he was too far ahead, 
and she could not catch him. 

When the boy reached home he told his mother all that had happened. 
That night he had a strange dream, in which he dreamed that he met 
Coyote, and Coyote told him that his brothers were not dead, but were 
with some bad people who made them work so hard that they would 
soon die if they did not get away, and Coyote promised to help him 
rescue his brothers. The next morning he told his mother his dream, 
and she told him that his dream would probably come true. That very 
afternoon the boy went out to hunt, and while he was walking along 
he met a man, and the man told him the same thing that the man in 
the dream had told him. The boy returned to his home and the man 
went on through the timber until he met Flying Squirrel. He was one 
of the bad people's slaves and had to work for them. Coyote, for he 
was the man, began to talk to Squirrel and asked him about the bad 
people. Squirrel told him that the bad people made slaves of all of the 
people that they could catch alive, and that they ate all that they killed. 
Coyote asked about the six brothers, and Squirrel told Coyote that they 
were slaves like himself and could not get away, but had to work. 
Coyote said that he would like to help them, and that he thought he 
could, for he was very cunning and had a good deal of power. Squirrel 
told Coyote if he could only find some way to kill the wicked chief 
that there would be no more trouble. Coyote said that he thought he 
could plan to kill him if he could only get to him, but that he lived 
across the river and had no way of getting across. Flying Squirrel 
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said that he would take him across if he thought he could hold on to 
his tail as he flew. Coyote said that he could, and so they started. 
When they were almost to the other bank Coyote let go Squirrel's tail 
and fell into the water. He hid in the tall grass until he thought of a 
plan. When he had made up his mind what he was going to do, he 
turned into a nice, new com mill, and floated out on the water where 
he would be in plain sight. Soon a woman came down to the river to 
get some water. She saw the mill and tried to get it. but could not. 
She ran back and told the chief about the nice, new mill, and asked 
him to get it for her. He told her that he was afraid it was Coyote, 
or some one trying to play a trick on them, but the woman said that it 
could not be anything but a fine com mill and that she wanted it. The 
chief sent some one to get it, and then all of the women came to pound 
their com in the new mill. They used it for several days, and all 
thought it was the best mill they had ever had. One day some one 
put some fine sweet com in it, and after she had ground a little while 
all of her com was gone. She ran to the chief and told him. He said 
that the com mill was Coyote, as he had feared, and he told the people 
to bring it to him. They brought it, and he placed it on the big log 
where he always speared people with his long, spiked nose. He raised 
his head high, then dropped it, and his nose stuck in the log so that he 
could not get loose. The com mill had rolled off the log and turned 
into Coyote. He grabbed the chief by the head and held him there 
while he called all the slaves to come and kill him. With the others 
came the six brothers. After they had killed the chief. Coyote told 
all that they were free, and to go to their homes. The six brothers 
retumed to their home, and ever after that whenever they killed any 
game they always left some for Coyote. 

34. THE DEATH OF THE CANNIBALS.* 

There was a village called Tall-Timber-on-Top-of-Hill, and the people 
decided to move from that village to another. They were all ready to 
go when a baby was bom to a young woman whose husband had died. 
The woman could not make the long joumey with the new baby, and 
the people were unwilling to wait for her, so they decided to go on and 
leave her to follow when she was strong enough to carry the child. 
The woman remained alone in the deserted village for many days. She 
was afraid to be there alone, and counted the days until she could start 
to the new village. One night as she sat with only her child in the 
grass lodge she heard some one outside, and a strange voice begged 
admission. She was frightened, but let the man in, and said : ''Are 

*Told by Shorter. 
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and her child in Siafety to the village of her i:^^.-»ple. 

There is another kind of cannibal, tbongh not so dangerous as the 
one who nrst appears as a human being, then turns to an animal. 
These cannibals live as human beings and eat people only after they 
are dead. Wlienever they hear of any one who is sick and about to 
die they pretend to be sick. too. and when they hear that the sick 
person is dead, they pretend to die. too. and are buried : but in the 
night they jump out of their graves and steal the dead person before 
the spirits can take him away. 

One time there was an old medicine-man and he had noticed how 
certain people got sick whenever they heard of any one else being sick, 
and how they died when the sick person died, and then how they always 
came to life again. He watched one of these beings for a long time ; 
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then he pretended to be very sick and caused it to be rumored about 
that he was about to die. Soon he heard that the person he had been 
watching was sick. Then the medicine-man pretended that he was 
dead, but before he pretended to die he told his sons to put a bow and 
some arrows in his grave, and told them not to put much earth over 
him when they buried him. As soon as the person heard that the 
medicine-man was dead, he pretended to die also, and was buried. 
That night he jumped out of his grave and went to get the medicine- 
man. The medicine-man heard him coming, and so he jumped out of 
his g^ave and shot an arrow through the cannibal and killed him, so 
that he never came back to life again. Then the medicine-man told 
the people what he had done, and ever since that bows and arrows 
are always put in the graves with the dead, that they may shoot the 
cannibal. 

35. THE MAN WHO MADE ARROWS FOR GHOST.* 

Two men arose and went out to hunt before daybreak, and they were 
a long way from their village when the sun came up. They hunted 
all day and far into the evening, but did not find anything. They 
decided to stay in the timber and sleep that night, so they might hunt 
next day, for they hated to go home empty-handed. They threw them- 
selves down on a soft, grassy place and slept soundly, for they were 
weary. After they had been asleep for a long time both awoke with 
a start and listened. Soon they heard a voice whooping, the same that 
had awakened them. One of the men was so frightened that he jumped 
up and ran for home through the dark. The other man was brave and 
was ashamed to run, for he had not run from anything in all his life. 
He arose and stood his ground. Soon a dead person stood before him. 
He asked the man if he could help him get into Spirit Land. He 
said : ** I have been trying for a long time, but can not get any farther, 
for my bowstring has a knot in it. Can't you give me a bowstring and 
make me two new arrows ? *' The man said that he would, and so he 
sat down to make the arrows. Then he put a new string on the dead 
person's bow. The dead person shot the arrows and went up in the 
air with them. Before going he told the man that he would whoop 
when he was high up in the air, to let him know that the arrows had 
carried him up all right, and he wanted the man to whoop back, to let 
him know that he had heard him. The man listened*and soon he heard 
a whoop. He answered it, and then he heard nothing more, so he 
knew that the man had entered Spirit Land. The next day he returned 
to his people and told them the story, and ever since that time bows 

* Told by Wing. 
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and arrows are always made and buried with the dead, so that they 
can go to Spirit Land at once and not have to wander about. But no 
one ever makes bows and arrows at night, because they are afraid some 
of the ghosts might come for them and cause a death in the family, for 
whenever a ghost appears it is a sign of death. 

36. THE LAZY BOYS WHO BECAME THE PLEIADES.* 

Long, long ago, in the beginning of this world, there lived an old 
woman with seven children, who were all boys. The boys were full of 
life and fun and they would go away from the others and play all the 
day long, and would not work, nor take time to eat but twice a day — 
morning and evening. When they came home in the evening their 
mother would scold them, and one evening when they came home late 
for their supper their mother would not let them have an5rthing to eat. 
The boys were very angry and went back to their play and determined 
on the morrow to go away where they would never trouble her any 
more. The next morning early they went down to their playground 
before breakfast and began to go round and round the house, praying to 
the spirits to help them. At last their mother noticed and heard what 
they were saying, and as she watched them she noticed that their feet 
were off the earth, and then she knew that something was wrong, and 
she ran out trying to get her children, but it was too late. With every 
round they rose higher and higher in the air, and were soon above the 
roof of the house. They circled higher and higher until they went up 
to the sky, where we can see them now as the Seven Stars. These 
seven boys who were taken to the sky were very indolent, and when 
the work time came they would always slip off and play. That is the 
reason that during the winter months the Seven Stars can be seen ; but 
at the beginning of the spring months, at the work time, the Seven 
Stars are gone. 

37. THE LOST TIMBER SPIRTTS.t 

When the world was new the old man. Coyote, decided that if a man, 
woman, or child died they should return to the earth again after ten days. 
Finally Coyote made another rule, and that was that when anybody 
died and was buried within six days he should stay under the ground, 
but if not buried by the seventh day he might escape. If caught before 
he succeeded in getting away he was to be brought back home. When 
the person was caught, a fire was kindled all around him ; but finally 
he threw off the fire from him, and then was taken back to his home, 

♦ Told by Wing. t Told by Short-Man. 
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where he was kept for six days and nights. At the end of the sixth 
day some old woman washed him, and then they let him go, and he 
became a real person again. 

When a person dies they dig a hole in the ground about four or five 
feet long and about three or four feet wide — according to the size of 
the person — and the body is laid head toward the west and feet toward 
the east. One of the family builds a fire at the feet of the person, and 
this fire should be kept up for six days and nights. Very often the 
person forgets to keep up the fire and lets it go out before the end of 
the sixth day, and when this happens they find that the grave is open 
and tracks are seen leading toward the east. They follow the tracks 
sometimes and overtake the dead person, but generally he gets away 
from them when they do overtake him. They build the fire all around 
the dead person; the wood for that purpose is cedar and mulberry trees, 
and the sparks from the fire get on the person. At first the dead person 
pays no attention, but the people keep on building up the fire until the 
dead person begins to look around and tries to escape the sparks from 
the fire. Then they know the dead person is coming to life again, for 
he is beginning to feel, and then they take hold of him and bring him 
back home, where he is kept for six days and nights. At the sixth 
day, in the early evening, some one of the family would bathe him, 
and then he would live again. When the dead person is not caught he 
becomes something like a very large monkey, and lives in the thickets 
and timber. Whenever the people meet a dead person he talks to them, 
and so the people think that dead people are crazy people. They do 
not know where their homes are or who their relatives are, and so they 
go off and stay in the woods or among the wild animals. That is the 
reason that large monkeys are called ** the last people in the thickets." 
When any one or two people go out to hunt in the thickets or woods 
they always meet these monkeys, and monkeys always ask for a wrest- 
ling match. They are very strong little men, and if the people do not 
pay any attention to them, they bother them all night long. These 
creatures are still living, but they do not talk as they did when the 
world was new. 

38. THE MAN WHO TURNED INTO A SNAKE.* 

One time two boys who were close friends went out hunting. They 
met a large snake, and one of the boys killed it and cooked it. The 
other boy begged him not to eat it, but to eat the buffalo meat that he 
had prepared ; but the boy would not listen to him and ate the snake 
meat. That was in the evening. The next morning the boy who had 

*Toldby Wing. 
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i'UfMru lh« •ttiakc meat Y^egan to turn into a snake. After another day 
ktu\ flight he lia^l completely turned into a snake. He told his friend 
Ui y/t iff th(.' tiioiititaiti and find a hole for him to live in. The friend 
Ut\\ut\ a liole and carried the snake to it. The snake told him to go to 
ihirir w\\U\f,ti and tell his people what had happened to him, and to tell 
thirrii tiittl wliciu-ver they went to hunt to stop and o£Fer presents to him 
unt\ h<' would help thcin in the hunt. The snake lived there for many 
y^ftrn, ittitil the lightniiiK killed him. 

VI I UK WOMAN WHO TURNED INTO A SNAKE.» 

A loti^ tittif n^o there lived a man and his wife and a dog. At that 
tim#- Ihi* JitiitinilH talked like human beings, and so the dogtalked to the 
fiiati and woman, {{vc-ry day the man went out to hunt, and as soon as 
hr wfiH yi}\U' \m wife always went away and never returned until even- 
ifi^, jiiht iK-fon* lu*r husband came. He did not know that she left home 
ill hin JibM'nci* until one time his dog said : '' I believe you ought to know 
that your wifr y^ntn away and stays all the time that you are gone." 
^J*h(* man told his dog to follow her the next time she went away. 
I^arly the next morning the man started out hunting and the woman 
left home as usual. The dog followed her, but stayed a good distance 
Ix-hind, HO that she did not know that he had followed her. She went 
to thi- large timl)er and sto])])ed at one of the large trees and stood there 
l(H>king up, and tlien after she had stood there for some time she whis- 
tled once, and then again and again. The third time she whistled the 
dog saw H<imething moving out from a large hole in the tree, and finally 
the i\i}% saw that it was a big snake. The snake came down to the 
ground and went straight to the woman, and began crawling up on her 
and (*oiling round and round her body. Finally the snake began to 
move away from her and crept back to the hole in the tree. That night 
the dog told the man what he had seen. The next day the man made 
many arrows and told his wife that he and the dog were going out fish- 
ing. Instead of going down to fish they went to the place where the 
snake was, and when they were there the man went near to the tree and 
whistled three times. The snake began to creep out, and when it had 
reached the ground the man shot it and killed it, and then cut it up in 
very small pieces, so that the pieces looked like pieces of fish. They 
went down to the river and began to fish, and they caught a few small 
fish and took them home. When they arrived at their home the man 
told his wife that he was going to cook the fish himself, and told her to 
go in the grass house until the dinner was brought to her. She went, 

*Told by Annie Wilson. 
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and the man began to cook the fish and the snake flesh. When he was 
through he took the snake flesh to his wife for her dinner. He and the 
dog ate the fish. He sent the dog into the grass house to see what his 
wife was doing, and the dog saw that she was eating the snake. He 
was sent in the second time, and he saw that she was scratching herself 
all over her body. Every place she scratched herself the skin would turn 
the color of the snake skin, until she finally turned into a snake. She 
crept away from the grass lodge and went to find the snake, for she did 
not know that he was dead. Some time after, the man went out hunt- 
ing and he came to a large tree. He heard something making a noise 
inside of the tree and finally saw a large snake come out from the tree. 
He knew that it was his wife, but he passed on. 

40. HOW OWL FOOLED THE GIRLS WHO WANTED TO MARRY THE 

CHIEF.* 

One time there lived an old man and woman who had two beautiful 
twin daughters. These girls heard of a chief who lived in another vil- 
lage, and rumors of his great wealth and his fame as a great chief had 
traveled far. The girls asked their parents if they might not go to the 
chief and offer themselves in marriage. Their parents consented, and 
so the girls started to the chief's village. They did not know just 
where the village was, but they started in the direction that they thought 
it was, and decided to ask the first person they met to direct them. 
They traveled along for a time and then met a man with a turkey in 
his hand coming down the road. They stopped him and began to talk 
to him. ** We want to marry this famous chief, for we hear that he is 
good and very wealthy, but we do not know him. We have never seen 
him, we have not even been to his village, and perhaps we would not 
know him if we should see him.** The man grinned to himself and 
said : ** I am the chief and I live just a little way from here ; I have 
been away attending a council. Well, I must say that I am willing, 
but wait here while I run on home and tell my grandmother.** 

The girls waited. They thought it strange that so great a chief 
should have to tell his grandmother, but they said nothing. The man, 
who was no other than Owl, ran on to his home, and calling his grand- 
mother, said : * ' Clean up the lodge and put it in order. I am going to 
bring home two girls whom I am playing a joke on. They think I am 
the rich chief and want to marry me.'* After they had cleaned the 
lodge, for it was very disorderly. Owl said : * * I am going to put this 
turkey which I have brought home over my bed ; when you get up in 
the morning ask me which turkey you shall cook and pretend to point 

*Told by Wing. 
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to one, and I will say, * No, take this.' Then the girls will think that 
we have maliy turkeys and many good things to eat." 

Owl went back for the girls and brought them to his grandmother's 
lodge. They were pleased, for everything looked neat and nice, and 
so they married Owl. Every day Owl came in with a turkey, and he 
always pretended to have been out hunting. Really he had been at 
the council, and the chief gave him the turkey for allowing him to sit 
on his back. At all the councils the chief always sat on Owl's back, 
and so he gave Owl a turkey every time to repay him for his trouble 
and the pain of holding him so long. After many moons the twins 
grew weary of nothing but turkey and they began to suspect something, 
so one day they followed Owl when he went away. They followed 
and saw him go to a large grass lodge. They peeped through an 
opening, and there they saw Owl sitting in the middle of the lodge with 
the chief sitting on his head. They gave a scream. Owl recognized 
their voices and jumped up, throwing the chief oflF his head, and ran 
home. He gave his grandmother a terrible scolding for letting the 
girls follow him and find him out. The girls felt so ashamed when 
they discovered how they had been fooled, that they slipped oflf to their 
home and told their father and mother their experience. 

Owl sat in his lonely lodge and thought for a long time about the 
twin sisters, and the longer he thought the more angry he became, 
because he had been fooled at his own joke. Finally, he said to his 
grandmother : * * We must kill the people, and in order to do that we 
must gather all the water, from the smallest to the largest rivers and 
the springs and the lakes. We will have to dig a big hole here, and 
when we finish the hole we will begin to dam the waters out from all 
the rivers, springs, and lakes.'* They worked long and hard, and the 
people did not notice that the creeks, lakes, and springs were getting 
low until they were dry. 

The water was gone and the people were dying of thirst, while Owl 
splashed and swam about in the water in the big hole where he had all 
the waters of the earth. Every one went out to search for water, and 
Crow, who was snow white then, went with the others. He came to a 
field where the grass was all dried and withered for want of water, and 
big grasshoppers were jumping about in the grass. Crow ran after them 
and made such a loud noise in trying to catch them that all the people 
heard. They thought that he had found water, and so they ran in great 
haste. When they found that Crow had not found water they were all 
disappointed and angry at him for fooling them. Coyote jumped on 
Crow and rolled him about in the black earth until he was black, and 
ever since that time the crow has always been black as night. After that 
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Coyote made a rule that if anyone made a loud noise and aroused the 
people's expectations he must either lead them to water or take a hard 
whipping. Turtle was traveling along one day searching for water, as 
they all were. He went down to the river bed, where the water had 
been, and he fell into a large crack in the dried mud. He began to 
halloo for help. The people heard him and all ran down to the river bed, 
for they thought surely he had found water ; but when they found he 
was only calling for help, Coyote took him out of the crack and gave 
him a hard whipping. He whipped him so hard that he cracked his 
shell, and to this day turtles bear the markings of the cracks on their 
shells. 

One time some one was going along looking for water, when he heard 
a big splashing noise, and he knew that it was the sound of water. He 
went until he came to the hole where Owl sat playing in the water. 
He went back and told the people. They gathered in council to decide 
how they could get the water from Owl. They were about to give up 
when Flea said that he would go to Owl's lodge and try to free the 
water. He went, and as he entered the lodge Owl's grandmother was 
about to take a bath. She had a big jar full of water sitting in front of 
her. Flea slipped up to her, crawled up her leg, and bit her ; she gave 
a big kick and upset the jar. When Owl saw the water running in 
every direction he opened his eyes wide in astonishment, and they have 
always looked that way ever since. All the people felt very grateful to 
Flea, and Coyote put him on his back that he might have a good warm 
home. 

41. THE POOR HUNTER AND THE ALUGATOR POWER.* 

One time the hunters went out on a two months* hunt. They took 
their wives with them. After they had gone a long distance from home 
they camped. Among these hunters was a poor man and his wife who 
were hungry and starving, while every one else was killing plenty of 
game and having an abundance to eat. The poor man would go out 
to hunt from early in the morning till sundown and come home with 
nothing to eat. He continued to hunt day after day, expecting to find 
deer or some game, but always returned without anything. The 
people would not give him anything to eat and would make fun of the 
unfortunate man because he could not kill anything. One morning 
he arose early and started out and hunted all morning. About noon 
he heard some one calling him, and the person was a long distance 
away. He started to see who it was and what was the matter with 

*Told by White-Bread. 
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him, and when he got there he asked the person why he called. 
** Well/' said the person, ** I want to find out where there is water." 
The hunter told him there was some water a short distance from where 
they were. He did not know who the man was, for there was no such 
person among his people. The unknown person asked the man to 
carry him to the water, so the hunter told him to get on his back and 
he would carry him. When they reached the water the unknown man 
told the hunter to take oflF his clothes, and so he did, and then the 
unknown man told him to get on his back, saying: '* It is now my 
time to carry you on my back. Shut your eyes and do not open them 
until I say so.'* The man obeyed, and when the unknown person told 
him to open his eyes he did not know where he was. Then the unknown 
person told him that he wanted him to come and see what he had. The 
hunter looked and saw the heads of all kinds of animals. **Now,*' 
said the unknown person, ** there is what I have killed, and I will tell 
you why I brought you here. I am going to give you some of my 
powers that you may kill game as I do. Point out the heads of the 
animals that you want to kill.'' The man pointed to the largest deer 
head, bear head, etc. '*And now," said the unknown person, **you 
must not tell any one how and where you obtained your powers. All 
people call me Alligator, and I will give you these powers as long as 
you are able to hunt." Alligator then told him to shut his eyes, and 
when he told him to open them he saw that he was upon dry land once 
more. Alligator told him to go hunting, and so after he put on his 
clothes he started out to hunt. 

He did not go very far until he saw four big deer coming toward 
him and he killed every one of them. He dressed them carefully and 
then left them while he went to his camp. When he reached his camp 
he found his wife there, but nothing to eat. He went out and led up 
two of his horses and asked his wife to go with him. They arrived 
at the place and found the four deer. The man put two of the deer 
on one horse's back and two on the other one, and they started back 
to their camp. As they came into camp with their horses loaded with 
meat, everybody at the camp saw them and wondered, for they did not 
think the man could ever kill a deer. After that time he never failed 
to bring back much meat when out hunting. When the people started 
back to their homes they discovered that this man, whom the people 
had always made fun of, had been the most successful of all the hunters. 
He had killed the most deer, and besides he had killed the largest deer 
that was ever seen by the people, and he had killed the most bears 
and the most of every other kind of game. 
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The people named him Deer-Head, because of his braveness in killing 
big deer. Deer- Head lived with the people many years and was well 
known among his tribe, but one time he disappeared. It was but a short 
time until the people noticed that he was missing, and they wondered 
what had become of him. 

Deer- Head had only one younger brother, and when the people would 
go and ask Deer- Head's wife where he was she could not tell, for she 
did not know where he was or what had become of him. Finally one 
of the men went where Deer- Head's little brother was, and he asked 
him if he knew where his big, brave brother was, and he replied that 
his brother had gone home ; that some one came after him during the 
night and had taken him away that same night. Then they asked him 
if he knew which direction they took, and he said that he did not know 
where he went, but that he said he was going home. 

While out hunting a long time after this one of the men found a 
large deer and the deer did not try to get away from him. When he 
came near he shot the deer, but the deer kept on walking very slowly 
and the man followed until the deer finally went over the hill where 
the man could not see him, and then he heard some one calling him to 
come on, and it was the deer that was talking. The man did not keep 
on, but turned and started back home. When he got home he told the 
whole story of the deer, and then the people thought the story of the 
deer was true, and that Deer- Head had changed into a deer. 

42. THE BOY WHO MARRIED A MOUNTAIN-UON.* 

A little boy often told his parents that he was a red mountain-lion. 
No one believed him, but they called him Red- Mountain-Lion. When 
he grew to manhood he was a successful and famous hunter. He went 
oflF alone for days at a time and always brought back much game. One 
time it was noticed that he acted queerly when he returned from the 
hunt, and so the next time he went his brother followed him. He 
tracked him through the timber up the rocky side of a mountain. 
He heard voices among the rocks, but could not see any one. He 
climbed on until he saw just above him a cave in the side of a steep 
wall. He looked in and saw his brother in there with a female moun- 
tain-lion. He went home and told what he had seen. After a few 
days Red-Mountain-Lion came home and acted stranger than ever. 
One time he heard some men talking about going to the cave and killing 
a mountain-lion that some of them had seen there. The man started out 
at once and alone to hunt, and he went straight toward the cave. 

*Told by Wing. 
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The men started out to hunt the next day, and when they came to 
the cave they saw the foot-prints of a man and a mountain-lion leading 
away from it. They tracked them down the mountain and up another, 
and then they gave up and returned to their homes. The man did not 
return to his people, but many years afterward he was captured by a 
hunting party and carried to his home. He decided to stay at his home 
then. One autumn he and his brother decided to form a war party. 
The brother was to be the leader, and so he wentoflF to get some power 
before starting. He wandered about alone until he found a rattlesnake 
hk'in and a red mountain-lion's tail. He took them and then prayed 
to the rattlesnake and red mountain-lion for their powers. Then he 
returned home and hid the skin and mountain-lion tail, for he did not 
want his brother to know what he had. For some reason or another 
the war expedition was given up. Then the man should have thrown 
away the skin and tail, for the animals always want their gifts returned 
if they are not used for the purpose they have given them. If they 
are not used or returned something always happens to the man who has 
rireivcd them or to some member of his family. 

A long time after the war party had been given up Red-Mountain- 
1/ion awoke one morning and heard a turkey cackling. He slipped out 
to catch the turkey, and while he was slipping upon the turkey he 
heard a rattlesnake by the side of him. He moved away and heard 
Another. Again he jumped aside and heard still another. 

The woman pre]>ared the morning meal and waited a long time for 
Ked- Motintain-IJon to return ; then his brother was sent to look for him. 
If ifi lirothcr found him unconscious and called some men to help carry 
him to the lodge. Red-Mountain- Lion was scalped, but the only tracks 
that could tie found were those of a mountain-lion, and they were only 
around hiH head, and did not come from or lead to any place. They 
neni for the medicine-man. He came and after he had examined Red- 
Mountain-Lion he asked his brother if he had not planned a war expe- 
dition anrl prayed for power and received gifts from the animals. The 
brother admitted that he had. The medicine-man told him to return 
tlic gifts to the woods where he had found them, and told him that his 
brotlier should have known better than to have kept them. The man 
ol^eyed, and then they took Red-Mountaiu-Lion to the creek and bathed 
liim, and he recovered, but he was always foolish. He lived to be an 
old man, but some one had to kill him in his old age, because he became 
more foolish and did many evil things. 
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43. BUFFALO WOMAN.* 

In a village there lived a cannibal at that time and the people called 
him Snow-Bird-with- White- Wings. He had a handsome son, who 
would not marry any of his own tribe. The father named his son 
Braveness because he was very brave in hunting. Whenever he went 
out to hunt he brought home many kinds of game that he had killed. 
Many of the young girls tried to win him as a husband, but Braveness 
would pay no attention to any of them. One night he decided to go 
hunting the next day. Early the next morning he started out toward 
the west. While he was going along looking and watching for wild 
animals he saw some one sitting ahead of him under a small elm tree. 
He approached the person and saw that it was a woman. She called 
him to come where she was, and he obeyed and saw that she was very 
beautiful and very young. She told him that she knew he was coming 
there and so she had come to meet him. He listened eagerly to hear 
what she had to say. She asked him if she could stay with him, and 
if he would take her to his home and let her become his wife. He 
told her that he would take her to his home, but that she must ask his 
parents if she could stay with him. They started for his home at once, 
and when they arrived the girl asked the old people to let her become 
the young man's wife, and they consented. After that the young man 
had some one to love and they lived happily for a long time ; but one 
time while they were alone she asked him if he would do whatever she 
said, and he finally said that he would. She asked him to go with her 
to her home and told him that they would return again some day. 

A few days after, they started to her home and she led the way. After 
they had gone a long way they came to high hills, and all at once she 
stopped and turned around and looked at her husband and said : ''You 
have promised me that you will do anjrthing that I say. * ' * * Yes, ' ' said 
he. ** Well," said she, **my home is on the other side of this large 
hill which is before us. I will tell you when we get to my mother. I 
know there will be many people coming there to see who you are, and 
they will bother you and try to get you angry, but do not get angry at 
any of them. The young men will try to kill you in some way. Listen 
to what I am about to tell you. I was just like you when I met you. 
I knew you, but you did not know me. I was the one who made you 
come there to find me. I have said that some of the young men will 
try to get you angry, and when they get you angry at them one of 
them will jump on you, and when they see that you are going to try to 

*Told by White-Bread. 
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fight they will all get after you and will not let you go until they have 
killed you. They are jealous of you. The reason is that I have re- 
fused many of them when they have asked me. I have told you what 
to do when we get there, and now I want you to lay down on the 
ground and roll over twice." The man did, and when he arose he had 
changed into a Buffalo. The woman sat there watching him for a 
moment ; then she did the same thing and became a Buffalo. They 
started on climbing the high hill, and when they reached the top of the 
hill the Buffalo man looked down toward the west. He saw thousands 
and thousands of Buffalo. Then the woman told him that they were 
her people. When the herd saw these two coming they began to move 
to one certain place, as though to wait there and see who was coming. 
The woman kept on leading Braveness. He followed her until she came 
to an old Buffalo cow and then they stopped, and Braveness knew that 
she was the mother of his beautiful wife. They stayed there for a 
long time. Every now and then four or five of the young Buffalo 
would come around and bother Braveness, and so they decided to go 
back again to Braveness* home. On the way they stopped at the place 
where they had turned themselves into Buffalo. The Buffalo woman 
told him to do the same thing that he had done before, and so he rolled 
over twice and became as he was before, and then she did the same. 
While they were going she told him not to mention the transformation 
or her people to any one. When they reached home his father, Snow- 
it] Bird-with- White- Wings, asked him where he had been, and he told his 

father that he had been hunting and then had gone down to his wife's 
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home, and his father did not ask him any more questions. 

They stayed at home about one year, and then they made up their 
minds to go again and see the woman's mother. After they had been 
living with the Buffalo a long time his wife told him that the old people 
were talking about killing him ; that they were going to have a foot 
race and that they intended that he should run in this foot race. When 
he heard all this he was worried and did not know what to do. That 
night he could not sleep, and he went out to take a long walk. He 
went a long way and walked very slowly. He heard some one calling, 
but could not see the person, for it was a very dark night. The unknown 
person said to him : ' * You are very young, but you must remember you 
can not beat those Buffalo running without my help, and I know what 
they are going to do with you when the race is over. If they beat you 
running they are going to kill you, and so I am going to help you to 
win. If I do it there are others who will also help you. If you win 
the race they will let you have this woman all to yourself and will not 
bother you any more.'' Then the unknown person told Braveness to 
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hold out his hand, and when he did this the unknown person placed a 
small medicine root in it and said : "At the start you will leave them 
a long way behind, but finally some one of them will catch up with 
you, but he will not stay with you long. Remember, whenever he 
<romes up with you, to throw this medicine down behind you and you 
will leave him again a long way behind. Then some one else will 
catch up with you again, and here is another medicine to throw behind 
you when the second man overtakes you. This medicine is mud, and 
you must throw it down when they come too close to you. Soon after 
you have thrown the mud you will be near the stopping place ; there 
I will meet you." 

The next day was the day of the race. At about sunrise Braveness 
saw the Buffalo coming in from all directions to see the race. While he 
stood watching them, an old Buffalo came and told him that the young 
Buffalo would like to have him run in a foot race with them. He went 
with the old man to the place where the runners started. When the 
yoimg Buffalo saw him coming they all made fun of him. When he 
joined them they lined up for the race. Braveness placed himself in their 
midst and they started. Braveness left the Buffalo a long way behind 
at the start, and they had to run long and hard before they could come 
near him. When he saw them gaining on him he threw the root behind 
him that the unknown person had given him. He was almost winded 
and thought he could not run any more, when he saw that he was far 
ahead of all of them again. The next time it took them longer to come 
up to him, but finally he gave out, and then one of the Buffalo began to 
gain on him. When the Buffalo was about to catch up, Braveness threw 
the mud, his last medicine, down behind him and soon he was far ahead 
again. He knew that he had used all of his medicine, and he knew 
not what would happen to him next, but he kept on running. When 
he was nearing the goal, he could hear the others coming close behind 
him, for some of them were gaining on him and he was giving out. 
He did not know what to do, but just as one of the Buffalo was about 
to catch up with him, a heavy wind came up and greatly assisted and 
kept the Buffalo far behind him until he crossed the goal and won the 
race. Because wind had helped him at the last moment, he knew that 
it was wind that had talked to him and had given him the medicine 
and thus saved his life. After the race he stayed with the Buffalo 
people for a long time and no one ever molested him again. 

Finally he and his wife went back to live with his people. They had 
one child, and when it was about one year old they decided to go again 
to see the wife's people, so that her parents might see their grandson. 
They went and remained with the Buffalo three years, and then they 
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returned to Braveness* home. The child's mother would not let him 
go out and play with the other boys, for she was afraid he might do 
things that he ought not to do ; but one time, while she was cooking 
dinner, the boy slipped away from her and went down where the other 
boys were playing. When he joined them they began to play that they 
were BuflFalo. The little boy began to play with them. He laid down 
to roll like a BuflFalo, and when he rolled over twice he got up a real 
BuflFalo calf, and the boys began to run from him. Just at this time his 
mother had missed him and she looked down where the boys were 
playing. She saw them running and thought something must be wrong. 
She went to see what the trouble was and there she found her son changed 
into a BuflFalo calf. She took him and ran down the hill, and then she 
dropped down on the hill and became a BuflFalo, and then ran away 
before her husband came back from hunting. When he came back he 
could not find his wife or his son, and then some one told him what 
had happened while he was gone. At first he could not beheve what 
he heard, but soon he went down to the place where they had rolled 
and saw their tracks, and then he believed the story. He never heard 
of them again. 

44. THE GIRL WHO MARRIED WILD-CAT.* 

A father and mother had three sons and a daughter. The girl was 
very beautiful, but very proud, and refused the attentions of the many 
young men who came to court her. One time a handsome youth came 
to their home and ate with them and talked to her father and brothers, 
but paid no attention to her. After he had spent the evening he arose 
and went home. The girl thought she had never seen so handsome a 
young man, and she wondered why he had not sought her as all the 
others had. She went to bed and thought of him for a long time ; then 
she fell asleep and dreamed of him. She dreamed that she saw him 
coming to her, and finally she awoke and lay still for a long time listen- 
ing and waiting to see if her dreams were true. She heard a faint 
noise, and she closed her eyes and prayed that her dream would come 
true. When she opened her eyes the young man was bending over her^ 
begging her to go with him. She arose and followed him out into the 
darkness. 

When they were a long way from home the man told her that he 
was not a real person, but an animal, the Wild-Cat, and he told her 
that if she wanted to go home he would take her back. She refused 
to go back, saying that she wanted to go with him, no matter what he 
was. Then he told her that her three brothers were already on their 

♦Told by Wing. 
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trail, and that they were very angry with him for taking her off. They 
hurried on until they came to the mountains. They climbed a high 
mountain, and then Wild-Cat told the girl to wait there for him. He 
went away and disappeared among the trees and rocks, but soon re- 
turned with another large Wild- Cat, who he said was his g^randfather. 
While the three sat down to rest and talk they heard voices, and the 
girl knew that they were her brothers' voices. They arose and ran 
deep into the forest, but still they could hear the voices from the three 
brothers, who were gaining on them. At last they caught up with 
them and were very angry. They were going to fight the Wild- Cats, 
who, of course, were dressed like men, so the brothers did not know 
that they were Wild- Cats. The sister cried and promised her brothers 
that she would soon return to her home if they would go and leave 
them. The brothers at last yielded to her requests and went back 
home and told her father and mother all that had happened. The 
father became very angry and swore that he would find his daughter 
and kill her or the man. He went to the mountains and wandered 
about in search of her for many days, without food or drink or sleep, 
until he died. 

45. THE WOMAN WHO TRIED TO KILL HER SON.* 

At the beginning of this world the people and animals could under- 
stand each other and visited each other. There lived in those times a 
man and wife and one child, a boy about seven years of age. The 
people called the man Hunter, because h^ was very fond of himting 
and hunted from morning until evening. While he was out, his wife, 
who was a very cross woman, abused her own boy, as she always did, 
because she disliked him. She told the boy to stay at home while she 
went away for a short time. She went out and was gone for a long 
time. Finally she came back and told the boy to go along with her. 
While she was gone she had been working hard digging a deep hole in 
the ground, and when she went after the boy she took him to the hole 
and threw him in. The hole was so deep that it was impossible for 
the boy to get out. She put some brush over it to keep any one from 
finding him. When Hunter returned home he asked his wife where 
his son was, and she told him she did not know where he was ; that 
she had been looking for him all day long. Then they both went out 
to look for the boy, but she would not take the man near the place 
where the hole was, and so they did not find him. They looked until 
night, and again the next day and the next. 

*Told by Annie Wilson. 



Is die tffcf>aii>riiM> tlie bor was j^uwinf ^crj Inmgjj^ and m> he 1 
to crj. Fmally be beard some one naikiii^ a soise at the edge of the 
hole, bat becooLd aat5ee wbo it was^ aad so kept qjaadtr for he was 
afraid. Soose one ^loke to bzm, sajisg: ^'^ Boj, jock are weary and 
liuai^i^ ami I ba^e oEKne down to Jaeip yon ost of this hole. ^€fWf do 
not be afraid of xxse, bot cstdt bold of my tail and dzmb up.'* The 
boy obeyed, and wben be came oot of the ho^ he foond that the person 
was Coyote. Coyote asked the boy if he wonid go aha^ with him, and 
the boy said ^^^t be wonM. and so they wcsit on to Coyote's home. 
He was kept there for three or four 3rears and was kindly treated and 
was hai^yy. One day he asked Coyote to let him go home and see his 
father. He said : '* I do not want tosee my mother ; lamTeryangry 
at her, azKi I am goin^ to try to kill ber, bat I want to see my hUher, 
for be loved me and was kind to me, I am goii^ to tdl my father 
,how my mother treated me, and then he will h^ me kill her. I wiD 
take my father and mother on a b<i&k> hnnt when I get home, and 
toward eTening we wiD kin a ba[fiFak>. I want yoo and yoor dnldren 
to come near and howl, and then I will teH my mother to omne with 
me to give yoa some meat. When we go among 3roa I will push her 
over, and then I want jon and yoor children to jump npon her and 
kill her." 

Coyote ccmsented, and so the boy went to bis home. He arrived one 
evening and his father was very glad to see him. He a^ed his father 
if they could go out boffalo banting <m the neiLt day, and he tokl his 
father all about what he was going to do with his mother. l!1ie next 
day they went out buffalo hunting, and he and his father found a herd 
of buffalo and killed one that evening. They made a camp near by, 
and while the woman was cooking their supper they heard the Coyotes 
howling. After they had eaten their stq^r the boy told his mother 
to get some meat and come with him to feed the Coyotes. He told her 
to carry the meat on her back. She put the meat on her back, and 
then they started out toward the Coyotes, and the boy walked bdiind 
his mother. The woman was afraid, for it was almost dark, but the 
boy told her not to be frightened, for there was no danger ahead of 
them and that nothing would hurt her. They kept on going until 
they came to the Coyotes. The boy told his mother not to be afraid, 
hut to go among them and give them the meat. As she took another 
step forward the boy pushed her down, and then the Coyotes jumped 
l^on her. The boy came back to his father and told him all that had 
^Ppened. The father and son lived together for many years. 
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46. THE JEALOUS HUSBAND.* 

One time the people decided to go on the war-path, and when they 
were about to start they selected one man to be their leader. They 
started out and they had to go a long way before they could find the 
enemy. After they had traveled several days, the head man selected 
from eight to twelve men to go ahead and spy and see if they could 
locate the enemy. When any of these men located any of the enemy 
they would go back and tell what they had seen, and then all the others 
would ride out to fight the enemy. The leader chose for spies two men 
who were very close friends and who would always go together from 
place to place. One of these two was married and the other was single. 
One day they went out for some distance, and after they had gone 
about two miles, climbing up and down the hills, they came to a high 
hill, almost like a mountain. They decided to climb up this mountain 
so they could look far out over the country. They found on top a big 
hole in the rock that looked like an old well, and when they looked 
down into the hole they saw water. The married man told his friend 
to go down in the hole to get some water, for they were very thirsty. 
They had a long buffalo-hide rope and on this he descended. When he 
got to the bottom, he cried out to his friend to pull him up. Instead of 
pulling him up he threw the rope down the hole and went away and 
left him. He started for the camp, and when he reached there he told 
the head man that some of the enemy pursued them and that his friend 
was killed. It was a custom for the war party to continue the journey 
until they met the enemy in open battle, but if anything happened to 
a member of the party, or if any member should die through sickness 
or be killed, otherwise than in open fight with the enemy, then the 
expedition was given up and the entire party returned home. When 
the man told the head man that his friend had been killed, the camp 
broke up and all prepared to start home. When they returned to their 
homes, the errand-man was sent by the chief to all the camps to call the 
people together. When the people came the chief told them what had 
happened. 

The man in the hole was starving, for he had been in there several 
days without food. Whenever any birds passed over him he would 
ask for help and pray them to take him out of the hole, but the birds 
did not seem to take any notice of him. One day, after he had been 
in the hole nine days, there was a certain kind of bird passed over the 
hole and the man asked it for help. The bird went on, but finally flew 

* Told by Wing. 
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//y«f tlMr SyA", Afi/i the man agatfl aikcd far Ix^ 
«t(iilf^ «ff^) r^ «K^<nr ^^ttt the fottftli time it item 
tiMnf Ut t^M^ ^^lic** ^'f ttie hole and peeped over tlK xn aad an 
'Hfk l^)r/l WM» Hii/xaril, and Bozzard toldtiiemaa aotio 3 
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'fMt of Of«* hol«' Tlirn Hiix/ard told him to open hisercs, amlhe did 
^i HUiS <Hiw lliMl lu* WMM on land again. The man was not abfetoi 
h^ h\\, hw\ ^i Miu/Mtd told hlni to shut his eyes again, and they 1 
ht n^ HWNV ffoiM tli»< piMci*. After a while the man tried to open his 
^r^*" f« v*-»y IIHl**, ImiI Mii/./Mrd knew what he was doii^ and told him 
hh\ OmIo M n^mIm liMiMhort time they arrived at the home of Buzzard, 
Ho/I 'f^hili. III. WM4 lli^iM Hic* young man was treated kindly. After he 
UhA h^*.o lliA'M- <*«'VMm1 ilftytt Mit//jird asked him if he would like to see 
l/l** \*^n\i\i', MfMl fif*' iMiiti lohl him that he would, and then Buzzard 
' ^i\M \Uh MiHO u\'^\ lo wlirfr hr wtts, and when he got there Buzzard 
o|i»*om| h «>I'(v mimnII |iImm< which wiih near where he was sitting. The 
ONO tMol»*.f| (Imwm liKlttw him Httd cotild see many Buzzard people. Two 
i\h^*^ nWhi Ihln IliM iMitn WMM (thlr to wnlk around and to do an3rthing, 
»Of»l M(»H MtM^iiftl lojil hliii tlutt hr wiiM going to take him to his home 
hi ^hh hi.i |i*.M|f|». Mill I* Mtoir. Then Htix/nrd told the young man that 
IiIh h\hitt\ wm |»iHtMni« of hhn, nnd thai the reason he had maltreated 
hUn WMM MimI III* liitil lii>rit tolil he was going to take his wife away 
hnHi lihH Mm^^ihiI Miilil " I um going to take you home, and we will 
^^H^ h voiM liMMiii mIhmM iliiik, inid when wc reach a place that is near 
hi ynm hoiMi. I will Iimv** lo UM voiiofT. Then you will hear your friend 
hIh|Hhj< Ih litti IoiImm, whirh Iw nrur to yours. When you go into your 
\nt\^^ v'Hi will hml nil of voiii pctiple there, and when they see you, 
M 11 M»» iM (Mil Im • IV •»! iiuikr unv kitul of noise. Your own sister will 
(m. Hmm- mill voii iMimt intl hri to go after your friend's wife. She 
will Mol MriKH* yoiii ttlhiei, lint I'ome right along with her.*' They 
nlfiiUil oiil mill Hti/ymft told him to shut his eyes again. When 
tlM/ytiffl lolil hint lo i»pen them he couM hear his friend singing, and 
li» knew It Wtt« he liermiHe he recogni/.ed his voice. When they came 
iirm to lilh home Hii//unl told him to get off of his back. He did, and 
went nliulghl to IiIh lodge, and when he went in his sister was the first 
<iiie to meet him. When she came to him she began to cry. He told 
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her not to cry, but to keep quiet. He told them how his friend had 
treated him and how Buzzard had taken pity on him and rescued him. 
When he had finished he told his sister to go and tell the woman to 
come. She went and told the woman that she was wanted. She did 
not hesitate, but went along with the girl, and they both came in and 
the woman saw her husband's friend, whom she thought was killed, 
sitting with the others. The woman stayed with this man and did not 
care to go back to her former husband any more. 

The husband was very sorry that he had told the stories to the head 
man and the chief. Many times after this these men went out on the 
buffalo hunt, and some of the others always watched him closely to see 
that he did not harm any one else. Finally they noticed that every 
time they went out he killed one buffalo first, and then did not take any 
of the meat, but would cut it up or dress it as though he were going to 
take it, and then would scatter the meat as though he were dividing 
it out to some people. The people began to wonder what he did that 
for. After he had prepared and scattered the meat of the first buffalo 
he had killed he would go on and kill another one, and then he would 
take his meat home. After people had seen him leave the meat of the 
first buffalo many times some one asked him why he did that. He 
would not tell, but one time his uncle came and asked him why he had 
done that so many times, and he told him all about it. He said he had 
lived with the woman many years, and when he should die his wife 
should drop dead, too. 

47. THE TURTLE WHO CARRIED THE PEOPLE AWAY.» 

One time the people broke camp and were traveling about looking 
for a village site. They traveled far until they came near the big water, 
and there they saw what they thought was a large rock. They decided 
to make their village near the rock, so they could use it as a dancing 
place. They had several dances on the rock, but not all of the people 
were there. One time, after they had been at the village for some time, 
they sent the crier to announce a big dance. All the people came and 
danced on the smooth, flat rock. While they were dancing they noticed 
that the rock began to move. They watched it and soon saw a big 
head and legs appear from under it. Then they knew that they were 
not on a rock at all, but on a big turtle. They tried to get off, but 
found their feet stuck tight. They cried and called for help, but the 
turtle carried them down into the water and drowned them. 

♦Told by Wing. 
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4a WHY DOGS HAVE LONG TONGUES * 

A long time ago, when the animals were like people, dogs were noted 
for telling everything that they knew. In those days there were not so 
many dogs as now, but the best families always had a few hounds to 
take with them on the hunt. A man. Running- Water, who was a 
great hunter, wanted a dog to help him hunt, but he would not have one, 
because he hated to have some one always tattling on him and telling 
everything that he did. One time he saw four little pups and he de- 
cided to take one of them and try to teach him not to talk so much. 
He took the pup home, and every day, when he played with him, he 
would talk to him and try to teach him not to be a tattler like other 
dogs. The pup grew and was soon big enough to be taught to hunt. 
Running- Water began to take him out to hunt rabbits and small game. 
Every time the man killed any game the dog would sneak home and 
tell ; then he would return to Running- Water in a circuitous way and 
come up to him from behind, as though he had been hunting all the 
time. Running- Water knew that the dog was trjring to deceive him, 
and he whipped and scolded him. After each whipping he would stop 
running oflf and tattling for a little while, but soon he would begin 
again. 

After a time the dog was big enough to go far away into the high 
timber to hunt with his master. One day Running- Water told his 
mother to prepare a large quantity of food, for he and his dog were 
going to the mountains to hunt and would be gone many weeks. He 
loaded several horses with provisions and started out, with his dog for 
his only companion. After three days of traveling they came to the 
mountains and made camp. They hunted several weeks and killed many 
big animals, and then started home. After a day's journey Running- 
Water missed his dog. He called him and searched for him and then 
went back to camp, thinking that he had perhaps gone back. He 
could not find him there, and so he gave him up for lost and again 
started home. He did not think the dog had gone on home ahead of 
him, for he thought that he had broken him of the habit of running 
home and telling everything ; but when he came home he found the dog 
there. He had been there a long time and had told many big stories 
about the number of bears, mountain-lions, deer, coyotes, and other 
animals that they had killed. Running- Water was more angry than 
ever before, and he said, * * I will make that dog stop tattling so much. * * . 
He caught the dog, gave him a hard whipping, and told him he would 

♦ Told by HiDie. 
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pull his tongue out the next time he came home and told everything. 
Then, being still angry, he caught hold of the dog's tongue and pulled 
it as hard as he could, and then he ran a stick across his mouth. Ever 
since then dogs have had long tongues and big mouths. 

49. WHY HAWKS HAVE THIN LEGS .♦ 

Chicken- Hawk was a poor hunter and never succeeded in bringing 
his family more than a little mouse or some game that he had begged 
from another hunter. One time he met Eagle and asked him if he 
would not help him kill an antelope that he had seen not very far away. 
Hawk pretended that he had killed many such big game before, and 
acted as if he were being kind to Eagle in asking him to help him. 
Eagle said he would if he could have half of the meat. Hawk said that 
he could, and so they agreed to go hunting for the antelope the next 
morning. Hawk went on home, and when he arrived he told his family 
that he had shot an antelope through the head, but that he could not 
kill him, and so he had run him into a place for the night, and that he 
would return in the morning and kill him. Hawk arose the next 
morning and went to the place where he was to meet Eagle. They 
started on the hunt and hunted half a day. They found the antelope 
in the mountain. Eagle killed it, and then Hawk came down and 
they divided the meat. Eagle took his meat and went away. Hawk 
took his meat and went straight home to show it to his family, for he 
was very proud of it. He told them that he had met a person who 
had never tasted antelope meat and who was a poor hunter, and so he 
had given him part of his meat, but that the person promised to pay 
him back some day. His family were so well pleased that they told 
every one what a good hunter Hawk was. One time, after the ante- 
lope meat was gone, a friend, who had heard what a good hunter Hawk 
was, came to visit him, especially to see if the reports were true. Hawk 
hunted all one day, but returned with only a mouse. The friend 
refused to eat the mouse. Again Hawk hunted all day, but could not 
find anything. As he was returning home he felt so ashamed, that 
he cut some of the meat oflf of his legs to take home for his friend to 
eat, rather than admit that he had not found any game. For that 
reason hawks have no meat on their legs. 

* Told by White- Bread. 
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50. THE POWER OF BUFFALO AND BEAR.* 

One time when the animals spoke many languages, and yet under- 
stood one another, Bear and Buffalo met. They commenced telling 
each other about the powers that each received from the Father and 
when these powers should be used. Said the Bear: "Once upon a 
time I was a human being and lived like a human being, and went 
with the people from place to place. When they camped in the open, 
my family always made a camp near by in the timber or mountains, for 
we liked to climb the trees and play among the rocks. One night I 
had a dream. I dreamed that I was as you see me now, and I heard 
some one telling me of the many things that I had within my power 
to do. I was shown the place where I should stay, and I was given 
the paws and claws and the sharp teeth which I now possess. Then 
I dreamed that a human being was pursuing me and shooting at me 
with his arrows, and I knew that he was trying to kill me for food, as 
he does any other animal. I awoke from sleep and found that all I had 
dreamed was true, and from that time I have been as I am now. I left 
the people and began a new life in the mountains and woods, and from 
that time the people have hunted me and have tracked me with dogs. 
Now they call me Bear, meaning * the mountain animal.' I have told 
you all. ' ' Buffalo began to speak : " I , too, was like a human being and 
my ways were like their ways when we first came to dwell upon the 
earth. My people were called the Buffalo people because our oldest 
chief was named Buffalo. One time our chief was taken away from us 
and we never knew what became of him, though we were told that the 
Great- Powerful-One had taken him to another world, and that some day 
we were all going to that other world, and that we would meet our chief 
there. We lived with the people and traveled with them, going behind 
them. The people began to enter this world, but we were forbidden to 
enter because some one had made a mistake that caused us to stay back 
where we came from. We found out that the person who had made this 
mistake was Coyote, and so our people began at once to pray that the 
Father would give him powers and teach him so that he might enter the 
world and take us along, that we might be with the people. We do not 
know how we came to be as we are now, but we know that in order to be 
in the same world as the people are we had to change into wild animals, 
and that for the love of the people we had to be their game, and we were 
to be killed and eaten by them. Then we were given powers to be 
dangerous, and these horns on our heads were given to us to fight with.* * 

♦Told by White-Bread. 
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Then Bear asked Buffalo if he could show just what he did when he was 
very angry or when he wanted to hurt or kill any one. Buffalo began 
to throw up the earth and strike the ground with his sharp horns. Bear 
sat watching him, and all at once, before he knew what had happened, 
he was falling to the ground and Buffalo was coming at him again. 
When he had fallen to the ground a second time Buffalo asked him if he 
saw him when he first started after him. * * No, ' * said Bear. * * Well, ' * 
said Buffalo, '' I think you ought to show me how you use your powers 
when you get angry." Bear began to go through his movement, and 
Buffalo sat watching him. Bear began to walk back and forth and look 
at Buffalo with angry eyes. Finally he began to move very slowly toward 
a small tree which was near by, and when he reached the tree he grabbed 
hold of it and with his sharp teeth cut it down. Before Buffalo knew 
what had happened Bear was upon him and he was trying to get up 
from the ground, but Bear held him down until he was ready to give 
up. Finally Bear let him go, saying, ** That is the way I do when I 
get very angry, but I would treat you worse than that if I wanted to 
kill you." Bear and Buffalo parted and went to their homes. 

51. HOW RABBIT STOLE MOU^a•AIN.UON•S TEETH.* 

One time when Rabbit's grandmother had gone off and left him alone 
he decided to wander about and see what he could see. He went along 
until he came to the home of Mountain-Lion. Mountain-Lion was not 
at home, so Rabbit went in and hunted about. He finally found Moun- 
tain-Lion's teeth and he took them and ran home with them. He was 
glad to find them, for the other animals were afraid of Mountain- Lion on 
account of his sharp teeth. Rabbit showed the teeth to his grandmother 
when he reached home, and said : * * Now, grandmother, Mountain-Lion 
will soon be after his teeth, and we must fool him some way or he will 
kill us. ' ' Rabbit thought for a while ; then he said : * * Build a fire just 
outside the door, put a big kettle of water on the fire, and then put some 
stones into the water and boil them. When Mountain-Lion comes he 
will ask what you are going to do with those stones. Tell him that I 
have a g^est in the lodge who is going to eat them. I will talk to myself 
in the lodge as though I were entertaining a friend, and when Moun- 
tain-Lion asks who my friend is, say ' Chief of all the beasts.' " The 
grandmother made a big fire and put the stones on to boil. Finally they 
heard a big noise, and Mountain-Lion came tearing through the bushes 
and came straight to the old woman. He asked her if Rabbit was at 
home, and she told him that he was inside talking to his friend and g^est. 

*Toldby Wing. 
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Then he aaked what she wms going to do with the stones, snd she told 
him whiAt Rabbit had told her to aay. He asked who the friend was, 
and she told him, *' Chief of all the beasts." "Oh. yes. I know him/' 
he said, and at the same time backed off a little, and then he turned 
on his heels and ran as fast as he could. 

52. RABBIT AND THE DANCING TURKEVS.* 

One time while Wild-Cat was out hunting he came upon Rabbit in 
the tall grass. Rabbit and Wild-Cat were enemies, and so they b^j^ 
to 6ght. Soon Wild-Cat had Rabbit down and was about to kill him, 
when Rabbit said : ' ' How would you like some nice Turkey^s to eat ? * ' 
"That is just what I have been looking for," said Wild-Cat. " Well, 
I know where there are some, and I was just about to catch some when 
I met you. Now, if you kill me they will all get away. You had better 
spare my life until I show you how to catch the Turke3rs ; then you may 
do what you please with me." Wild-Cat agreed, and so Rabbit told 
him to stand still while he sang the Turkey dance song. After he had 
sung a little, he told Wild-Cat to lie down and pretend to be dead ; 
that he would tell the Turkeys that he had killed Wild-Cat, and wished 
them to dance around him with closed eyes. While they danced, Wild- 
Cat was to jump up and grab all he wanted. Soon the Turkeys heard 
the song and catne to see what it was about. Rabbit told them that 
he had killed the great turkey-eater, Wild-Cat, and that he wanted 
them to dance a victory dance around him. Rabbit continued his song, 
and as he sang the Turkeys danced. Wild-Cat peeped and saw one 
big one dancing near him. He jumped to get it, and as he grabbed 
the Turkey, Rabbit ran away through the grass, and so escaped from 
Wild-Cat. 

53. ADVENTURES OF COYOTE.! 

In the beginning of the world there were many, many people, and the 
people held councib to decide how things should be. There was one 
man, named Coyote, who always had something to say on every sub- 
ject. At one council this question came up : '' How and what kind of 
rain should be in the world?" One of the men said that it should 
rain in the form of lead balls, which would be very dangerous, and so 
when the rain came the people would have to stay at home. Then 
Coyote arose from his seat and said : " If it should rain nothing but 
lead it would be very dangerous for my people, because they do not 
stay at home very much, and as for myself, I might be carrying a big 
deer to my family to eat when the rain begins to fall and I would cer- 

• Told by Wing. f Told by Moon-I.lght. 
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tainly be killed. I say, let it rain in drops of water. Then we can be 
caught out in the rain and get very wet, but we will soon be dry 
again, and the wetting will be good for us." The people accepted 
Coyote's suggestion, and so it is that it rains in the form of water. 

When the council was all over and the people went to their homes. 
Coyote made up his mind to go out and visit some of his friends. He 
traveled until he came to the mountains. He saw smoke coming up 
among the mountains, as though some one was making up a big fire, 
and he thought he would go up and see who was living there. When 
he came near to the place he saw some one sitting by the fire. It was 
the great, powerful Bear. Coyote went closer, and Bear asked him if 
he was the person who was called Coyote, and Bear told him that if he 
was that he was going to kill him, for he had heard many bad things 
about him. Coyote told Bear he was not the person, but that he was 
the son of a great and powerful medicine-man. Bear did not believe 
him and decided to kill him. When he was about to kill him, Coyote 
told him to wait until his father saw him, for he might have something 
to say to him before he died. This happened at sunrise, and when 
the sun was just peeping over the hilltops Coyote said to Bear : ** Now 
you may kill me or do as you please with me, because my father is 
watching me. ' ' Then Bear began to back away, and as he did so, Coyote 
began to go nearer and nearer to Bear. Finally he began to push him 
with his elbow, at the same time saying : * * Now kill me while my 
father is watching me." Bear thought that he must be a great man, 
if he was the son of the Sun, and he wondered how he received his 
powers from the Sun. He became frightened and gave Coyote many 
things to eat, and then Coyote told Bear to come and make him a visit 
some time, whenever he felt like going anywhere. A long while after 
this. Bear found out that the person who made a visit to him was not 
the son of the Sun, but that he was the man Coyote, whom he wanted 
to kill. Bear was more angry at him than ever, and so he thought he 
would fool Coyote some way by going and visiting him and killing him 
if he could find his home. Bear did not find his home, because Coyote 
was always moving from place to place, for he knew that Bear was 
after &im, and that he would kill him if he could catch him. 

While Coyote was moving from one place to another he came down 
to a large lake of clear, cool water, and after he had been there for some 
time he started ofiF a little way from the lake. While gone he saw some 
one coming up toward him and, as he was very cowardly, he started to 
run away. The person was not his enemy, but a friend of his, Moun- 
tain-Lion. He called Coyote back, and so he came, and he told his 
friend that he was very hungry, for he had had nothing to eat for a long 
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*r»/: •»Vt>tV7^^m^<l/>wn to the water Xocnrtsn»-Iioa tnif Caw»xe 
M i»*^ Z^'iiniC ^^' k«n & yonn^ hMWt. In t!wa 
Mf^4 ^f ^\\A h//fV9t, an4 at the lake tisere was a < 
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fMf* 'j'/ii^^ilppf'/^fr^^, and the hr>niei pajwcd ttiwicrtbctnceastaic^ 
/1/r//r» t/r f ti*- wftt^. F.v^y day at about noon Xonatazx^Lagci 
* V\fu)t M»#» tf**^ ftfid th^n \fffnnrjt down on a yocng horse aod V^ 
A.-. Vf//t>ri(jf)r» fj/ztipind O/yrite drew near to the tree Mocmtass-IiaB told 
^ tr^tAiStf plff/i-htrnn^lf wh^ethe wild herd of horses coold not see bim. 
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If- wff«> iMHffifv MoiifilMluMon told him he would. They stayed there 
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i^/f/iff Mf^v hf'iffUi tft f-fHiir rrcmi difTcrcnt directions, and as they filed 
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and when he was right under the tree Coyote jumped upon him. It 
was but a short time until the horse threw Coyote oS from his back, 
and when Coyote was down on the ground the horse kicked him under 
the jaws and went off. As Coyote was about to die, Mountain-Lion, 
who had been watching Coyote all the time, came up to see what was 
the matter with him, and when he came up to him he saw his jaws to 
one side. Mountain-Lion asked Coyote what he was laughing about, 
and asked him if he was able to kill another five- year-old horse. Coyote 
lay there for a long time before he was able to move. Finally he arose 
and decided to leave the place, never to return to it. As he was going 
along a small stream he heard some one up in a persimmon tree, and so 
he thought that he would go over and see who it was. He found 
Opossum in the persimmon tree eating persimmons. Coyote went 
under the tree and asked Opossum to throw down some persimmons to 
him. Opossum refused and laughed at Coyote and began to play with 
him. Opossum would take one persimmon and eat it, and then he would 
throw the seeds down to Coyote. Finally Coyote became angry at 
Opossum and wished he could get him down from the tree. Sometimes 
Opossum would get on a small limb of the tree, and then drop down as 
though he was going to fall to the ground, but he would always catch 
himself by' wrapping his tail around the limb. He kept on doing this 
to torment Coyote for a long time, until he climbed out on a dry limb. 
He threw himself off the limb again and said to Coyote : '* I am falling 
off, sure. I am coming down," and just as he let himself off of the 
limb it broke off and down came Opossum. Coyote was upon him and 
gave him a good beating, and then he left him to die. Opossum fooled 
Coyote, for he was not hurt at all, and when Coyote went away Opos- 
sum jumped up and climbed the persimmon tree again. After a while 
Coyote looked back to see if Opossum was dead. He could not see 
him, and so he went back and found that Opossum was gone. He 
looked up in the tree, and there he saw him laughing at him again. 

54. COYOTE ESCAPES AN IMAGINARY FOE.* 

One time Coyote went out hunting buffalo. While he was going 
through the timber he found Turkey up on the top of a tall tree. He 
told Turkey that he was going to kill him if he did not get down from 
the tree. He said : ** If you don't come down I will climb the tree. 
If you fly to another tree, I will break it down at once, and will cer- 
tainly kill you ; but if you fly toward the prairie I can not harm you, 
for I have no powers to kill anjrthing on the prairie. ' * Turkey believed 

♦Told by Wing. 
7D 
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all that Coyote said and started out toward the prairie. Coyote was right 
under Turkey all the time. At first Turkey flew up so high that Coyote 
thought he was going to lose him, but after a long flight Turkey kept 
coming down lower and lower, and finally came down on the ground. 
Then Coyote was not very far behind and he caught up with him and 
killed him. While Coyote was eating Turkey, he happened to look 
around to make sure that no one was watching him. He thought that 
he saw somebody standing behind him making motions as if trying to 
strike him. He started to run without learning who it was. Every 
now and then he would look back to see if he were out of his reach. 
Every time he looked back he thought he saw the man right after him, 
ready to hit him. He ran with all his might, trying to get away from 
him. Coyote had been given power at the beginning of the world to 
run without decreasing his running powers. Coyote began to think that 
some great, powerful man was behind him and that he had to die. He 
had run eight times. The ninth time he thought he would run farther 
than usual. Again he looked around, right and left, and thought he 
saw the man just about to hit him. He started to run his best again, 
but his running powers were decreasing continually. He was then run- 
ning for the tenth time ; but it was all in vain, for the man seemed to 
be right up with him. Then Coyote thought he would fool the man, 
so he kept dodging right and left, but the man seemed to be near him 
all the time. When he started to run the twelfth time he had not gone 
far when he gave out. He rolled and turned over on his back and 
begged not to be killed. He fell over on his face, then heard something 
crack, and he thought it was one of his teeth, but it was only a turkey 
feather which had stuck between two of his upper teeth, and it stuck 
up nearly straight and level with his head back of his right eye. At first 
when he looked back he had thought surely that some one was standing 
behind him ready to strike him. When he found that he had been 
fooled by only a turkey feather, and had been running himself almost 
to death for nothing, he was very angry. Ever since, Coyote has 
looked wild, and when he runs he starts out very slowly for fear he may 
have to run a long distance, and when he runs he first looks around 
to the right and then to the left to see if anybody is near him. Most 
often he looks to his right side while running. When Coyote reached 
home he told his family and others that he had been running after a 
great big mountain-lion, and that he had killed it. He said: ''If 
there had not been so many trees I would have brought it home." 
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55. COYOTE GOES FISHINa* 



One time Coyote went out hunting along the river and saw some one 
walking along its banks, carrying something on his back. When he 
came nearer he saw that it was a man carrying a fish. Coyote came to 
him, and said : * * How do you do, my friend ? Where are you going ? 
Where have you been ? Where did you get that big snake ? " ' * Well, ' ' 
said the man, ** I have been out fishing nearly all night, and finally I 
caught this fish. I was so tired that I did not care to catch another." 
*' What ! '* said Coyote, ** do you call that a fish ? How did you get 
hold of it?" ** Well," said the man, **I will tell you how to get 
them. When evening comes go down along the edge of the river and 
break a place in the ice just big enough to put your tail in, and stay 
there until I come to see you again." That same evening Coyote 
went to the place and found the man waiting for him. It was getting 
dark. The man told Coyote to sit down by the edge of the water, 
while he was breaking the ice. Coyote did as the man told him. He 
did not know that this was a man whom he had tricked some time 
before and that he was trying to get revenge. The man left Coyote 
sitting by the bank fishing all that cofd night. Toward the middle of 
the night the water began to freeze on Coyote's tail, and toward morn- 
ing the ice got thicker and thicker, and when morning came Coyote 
tried to get up from his seat, for he was very tired, but he could not. 
There he was, trying in every way to get free, but he could not move. 
When the man came he said to Coyote : '* How are you getting along ? 
Are you catching any fish ? ' * Coyote replied : ' * I think I have caught 
two or three of them, but can you help me to get them out on dry 
land ? " ** Yes," said the man, *' of course I will, although I want to 
talk to you before we get the fish out of the water. You remember 
that a long time ago you were one of my best friends, but finally you 
tricked me, and now I am getting even with you. You will have to 
die, for I am going to kill you." ** My friend," said Coyote, " I think 
you are mistaken. I do not think I am the man who played the mean 
trick on you. You know very well that I never betray my friends 
while I am able to see. If you will let me go this time I will go and 
bring the man you are looking for, and I will come back to-morrow 
evening and assure you that I am your friend." ** But," said the 
man, ** I do not see how you are going to get loose to go, do you? I 
will look for the other man myself, and I will do to him just as I am 
going to do to you." The man went back to his lodge to get his bow 
and arrows. When he returned to Coyote he took one of the arrows 
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out and showed it to him and said, " You see this?" He began to 
mn% the iong that warriors sing just before they kill their enemies. 
When he had finished the song he shot and killed Coyote. 

56. COYOTE HUNTS GEESE.* 

Coyote was once a man and lived with the people. His great-grand- 
father named him Coyote, but because he did wrong the people came 
to dislike him and began to call him coward. The reason the people 
did not like him was because he was always scheming and trying to 
cheat some one. One time he went out to visit his best friend, and 
when he arrived at his friend's lodge he found that his friend had been 
feasting on white geese. " Where did you get these white geese ? " 
" Well/' said hb friend, " I catch them every evening near the lake. 
Wottld you like to go with me this evening to catch a few of them ? " 
^^ Yes/' said Coyote. Hb friend then said : '' You go on home and 
come fjack this evening. We will then go together and I will show 
yon where the geese always come in the evening, and I will see that you 
have a good time, too." ''Oh, you do not have to show me how to get 
them ; I can get them all right. All you have to do is just to show me 
where they are," said Coyote. "All right," said his friend, and Coyote 
was pleased, for he thought he was going to have a very fine, fat bird 
tor supper that evening. He danced all the way from his friend's home 
to bis own. As soon as Coyote was out of sight the friend began to 
carry out ashes from the fire and place them near the lake, where he 
formed them in the shape of white gttst. Just before it was evening 
he went out and put some coals under the ashes, and in a little while 
the coals burned up, but the fire could not be seen from the outside. 
When Coyote came to his friend he found him laughing and feeling in 
high spirits. " Well," said Coyote, "are you ready to go and catch 
a few white geese 7 I am ready to make a long jump and I think I 
can get two at once." " Well," said the friend, "I am ready, too. 
We will go now. ' ' They started out, and as they approached the place 
the friend began to go slowly, taking the lead, and when they came to 
the place he pretended not to see the first pile of ashes. Finally Coyote 
saw the first pile, came closer to his friend and began punching him in 
the t>flck. Both stopped and Coyote said : " I guess I will have to kill 
this first one, and if I catch him I will take him for my supper." "All 
right, ' ' said the friend. Coyote began to get down next to the ground, 
going nearer and nearer to the pile of ashes. When he was about to 
jump, the friend began to laugh. Coyote paid no attention, but jumped 
on the pile of hot ashes and burned himself. He began to run from 
the place. He was burned so badly that he ran until he killed himself. 

•Told by Wing. 



COYOTE IMITATES HIS HOST. 93 

57. COYOTE IMITATES HIS HOST.» 

In the days of old, when animals were like people and talked and visited 
each other, Coyote and Raven were great friends. One day after Coyote 
had g^wn weary of hunting for game and finding none, he went up to 
the top of the mountain to see his friend Raven. Raven had control 
of the buffalo and was always seen with the herds. (Now, since the 
buffalo has gone from the earth. Raven has disappeared and is seldom 
seen any more.) Raven invited Coyote to enter, and when he saw 
Coyote weary and sad and silent he arose, took an arrow, shot it up 
into the air, and then stood waiting for it to come down. It came down 
and pierced him under the right arm. He drew the arrow out and with 
it came buffalo meat and fat. He gave the meat to Coyote, who ate 
heartily. Then Coyote smacked his mouth, arose, and said that he must 
be going, but before he went he gave Raven an urgent invitation to come 
over and make him a visit, and Raven promised to come. 

When Coyote went home he began making a bow and arrow, and when 
he had finished them he put them away until Raven should visit him. 
One day Raven bethought himself of his promise, and so he left his home 
in haste to pay Coyote a visit. Coyote received him with joy. After 
they had talked about many things Coyote said : " I have no meat, for 
I did not expect you, but if you will wait I will soon have some for 
you. ' ' Coy9te took his bow and arrow and shot the arrow into the sky, 
then stood waiting for it to come down. Raven watched him and said 
never a word. The arrow came down and struck in Coyote's thigh. 
He ran away screaming with pain and left his guest alone. Raven 
waited a while and then went home without any meat, but in very high 
spirits notwithstanding, for Coyote's performance amused him greatly 
and he chuckled to himself as often as he thought of it. Coyote con- 
tinued to run until he pulled the arrow out of his thigh ; then he took 
the arrow and broke it to pieces. He never went back to see Raven, 
and time passed on and none of Coyote's friends saw him, and they all 
wondered what had become of him. At last he grew so hungry that he 
had to go out for food. He found none, and so he went to visit another 
one of his friends, for he had many. Black- Mountain-Bear received 
him graciously when he came to his home and asked him in. Bear said : 
*' I regret that I have no meat to offer you." As he spoke he leaned 
against a persimmon tree that was weighted down with many ripe per- 
simmons, and as he leaned against the tree the ripe fruit fell to the 
ground. Bear smiled and asked his friend to eat. Coyote ate many, 
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for he was very hungry. When he had finished he thanked Bear and 
said that he must be going, but before he went he insisted that Bear 
come to see him, and Bear promised to come soon. 

Coyote wandered all about looking for a persimmon tree. He conld 
not find one with any fruit on it, and so he decided to take one without 
fruit. He cut the tree down and carried it to his home, where he set 
it up ; then he went out to look for persimmons. He had stolen some 
from Bear's home, but he had not stolen enough. When he found more 
persimmons he took them home, and climbing the tree he placed the 
persimmons all over the tree, so that they looked as though they had 
grown there. 

Black- Mountain- Bear was out hunting one day, and as he was near 
Coyote's home he remembered his promise to visit him, and so he ran over 
to see him. Coyote was glad to see him and asked him in. " I am so 
sorry I have no meat for you," he said, "but if you will wait I will try 
to get you something to eat." Coyote beg&n to bump against the tree 
with his head. He hit harder and harder, but the persimmons would 
not fall. Finally he arose and shook the tree with his hands, though it 
embarrassed him to have to do this. He gave the tree a big shake and 
over it fell, hitting him on the head. He pretended that it did not hurt 
and went about gathering up the fruit for Bear, though he could hardly 
see for pain. Bear ate, though he could hardly swallow for laughing, 
for Coyote's head kept getting bigger and bigger. After a little while 
Bear said that he must be going, for he was afraid to stay longer for 
fear Coyote would see him laugh. After he had gone Coyote sat down 
and held his sore head, but he felt happy notwithstanding, for he had 
furnished food for Bear. 

58. COYOTE IMITATES HIS HOST.* 

One morning while Coyote was out looking for something to eat he 
came to a grass lodge. Thinking that there might be food inside, he 
decided to go in and pay his respects to its owner if he should be there ; 
if not, help himself to food. He entered and saw a man walking about 
with a light on his head. At once Coyote called out : "Say, friend, 
your head is on fire, and you and your house will bum up if you don't 
look out." The man smiled and replied in a calm voice: "I have 
always worn this light on my head. It was given to me in the begin- 
ning, It will not bum anything." Then the man, who was Wood- 
imrktr, gitve Coyote something to eat. After Coyote had eaten all he 
i'omIiI, Up ftrone and said that he must go. He asked Woodpecker to 
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come over and make him a visit, and Woodpecker promised that he 
would. Some time later Woodpecker remembered his promise and 
so started out to find Coyote's lodge. He found it, and Coyote, much 
pleased, invited him to come in and be seated. Woodpecker entered 
and was surprised to see a big bunch of burning straw on Coyote's 
head. * * Ah, take that oflF. You will bum your head. ' ' Coyote only 
smiled, and replied in a calm voice : *' Oh, no ; that will not bum my 
head. I always wear it. I was told in the beginning that I would 
wear a light on my head at nights so that I can do whatever I like to 
while others are in darkness." He had no more than finished speak- 
ing when the hair on his head caught fire. He began to scream and 
try to put it out, but could not. He ran out of his lodge screaming 
for help. Woodpecker waited for him to return, but he did not come. 

59. COYOTE. THE DEER. AND THE WIND.* 

One time when Coyote was out hunting something to eat he met 
Deer. Deer asked Coyote where he was going, and Coyote told him 
that he was going out hunting. Deer asked Coyote how he killed his 
game, for he noticed that he carried no bow and arrows. '* I can kill 
anything I can get my hands on," said Coyote. ** But how do you 
get close enough to get your hands on your game?" Deer asked. 
" Sometimes I run the game down, sometimes I catch them asleep." 
Deer said : '* I am considered good food ; even the human beings are 
very fond of my flesh. If you can catch me I will let you kill me and 
eat me." Deer started to run, and Coyote started after him, but soon 
lost sight of him and gave out. He went on home, but he could not 
help thinking of Deer's offer, and wondering how he could catch him. 
He wandered about trjring to find him asleep, but never did. One time, 
after Coyote had been out searching to find Deer asleep, he grew very 
tired and lay down in the tall grass to take a nap. When he awoke he 
heard some one singing near by. He was badly frightened and sat up 
straight and rubbed his eyes and peeped about. He saw no one, but 
as he sat still and listened again he heard his name mentioned in the 
song. He jumped up and ran as fast as he could ; yet he always heard 
the voice singing in his ears, just as near as when he woke up. He 
ran as fast and far as he could ; then he dropped down to die. While 
he was panting, he heard the voice again, and it was so near that he 
heard these words : '* If Coyote ever kills a Deer he shall be as fleet as 
he, and I who am singing am going to give him power to catch a Deer. 
I am the Wind." Coyote's fear vanished, and he arose and barked at 
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the Wind in a loud voice, to give thanks. His weariness left him and 
he started out to find Deer. He traveled all day, but could not find 
him. At night he came to a camp, where he stole a buffalo robe. He 
put the robe over him and then went on to look for Deer. Down by 
the river he thought he saw him. He went another way and slipped 
round a bend in the river until he came close to Deer. He reached out 
his hands to grab him and said, as he caught hold of him : " I have 
you ; I thought you said I could not get you." To his surprise he 
found that he did not have Deer, but the man whose robe he had stolen. 

The man took Coyote home with him and made him work for him and 
his sister, and treated him very cruelly, because he had stolen his robe. 
One time while the man was out hunting, Coyote went into the lodge 
and said to the sister in a loud, angry voice : *' Pack up your clothes ; 
I am going to take you to my home as prisoner, and you will have to 
work there as I have worked here. Your brother is killed and now 
you must come with me. * * The girl was frightened and obeyed. They 
started toward Coyote's home. Coyote went behind the girl with a 
long stick in his hand, and whenever she stopped or fell he hit her with 
the stick. The girl went on, though she was so tired and frightened 
that she could hardly move, and as she went she prayed that her brother 
was not dead, but would come and help her. 

In the meantime the man returned home and found his sister and 
Coyote gone. He knew at once what had happened and started after 
them and soon caught up with them ; for he had the power to travel as 
fast as the fleetest arrow, though Coyote did not know it. When he 
was almost up with them he shot an arrow in front of his sister. She 
saw it and knew that her brother was coming to help her ; then she 
began to cry the more from joy. Coyote whipped her for crying and 
made her travel faster. The man saw Coyote strike his sister and heard 
the cruel words that he spoke to her. He went on a hill and then shot 
another arrow. Coyote looked up and saw him and became frightened 
even more than the girl had been. He dropped his stick and ran to the 
girl and begged her to let him carry her bundle of clothing, and begged 
her not to cry. The man came down from the hill and asked Coyote 
where he was going with his sister. Coyote said that the people had 
treated them so badly he had decided to take the girl to another village, 
where the people would be kind to her. He said that he was helping 
her along the way and had been kind to her. The brother of the girl 
did not believe Coyote, for he had seen his treatment of her. He told 
Coyote to take the bundle of clothes and put it on his back ; then he 
told his sister to sit on the bundle. He put his bow-string through 
Coyote's mouth and gave the ends to the girl. She sawed the strings 
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back and forth and the man ran along by the side of Coyote, whipping 
him, and thus they returned to their home. This man was the Wind, 
who had become angry at Coyote for stealing his robe and trying to 
catch Deer with it, instead of waiting for him to give him power. 

60. COYOTE DIVES FOR MEAT.* 

One time when Coyote was out hunting she killed a big deer. She 
cut the deer up and hid it in a tree while she went home to get her 
children to come and help her carry the meat home. Wild-Cat saw her 
kill the deer and hide it, and as soon as Coyote was gone he stole the 
meat and climbed a tree on the bank of the river, where Coyote could 
not see him. After a little while Coyote returned with all of her happy 
and hungry children. They looked every place for the meat. The 
<:hildren were angry at their mother and said that she had lied to them. 
While they were abusing her, she saw the reflection of the meat in the 
water, and, thinking that it was the meat, she told her children to sit 
still while she dived for it. She told them that it had fallen into the 
water, but that she could very easily get it if they would only be quiet 
and wait. She dived and struggled in the water, reaching for the 
meat, but never getting it. Finally she sat down upon the bank to 
rest, wondering how she could dive deep enough to get the meat. After 
she had rested she told the little Coyotes to bring her some stones. 
She tied the stones about her neck and dived again. The Coyotes 
waited a long time for their mother to come up, but she did not come. 
After a while they saw some excrement on the water, and they laughed, 
for they thought it was the meat their mother had thrown up. When 
they laughed Wild-Cat laughed at their foolishness. They looked up 
in the tree, and there saw Wild-Cat and all of the meat. Wild-Cat 
told them that their mother was drowned. Then they began to cry, 
but Wild-Cat told them not to cry, that he was going to come down 
and take care of them. He climbed down and brought the deer meat 
with him. He gave the little Coyotes all they wanted and then took 
them home. After that, whenever he killed any game he always took 
some over to the Coyote children, and fed and cared for them until 
they were grown. 

61. COYOTE, THE GEESE, AND THE WOODPECKERS.* 

Coyote was returning home after an unsuccessful hunt. He was going 
along sad and discouraged, when he heard some one laughing and play- 
ing. He listened for a while, then decided to go and enter into the fun, 
so that he might be cheered up. He ran over a little hill, and there on 
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the Other side was a big lake, and on the surface several white Geese 
were playing. He sat down behind some brush to watch them. They 
were trying to see which was the strongest One would get on the back 
of another and fly, trying to see which could fly the farthest. Coyote 
decided not to enter into their play, but to try to catch them and take 
them home to his family. The Geese had seen Coyote coming, for they 
have power to see a long distance, but they pretended that they had not 
•een him and did not know that he was hiding behind the brush. 

Coyote watched them for a long time, trying to think of some plan 
whereby he could catch all of them. Finally he began to grin to him- 
nelf, for he had thought of a plan that he thought would work splen- 
didly, lie limped out from the bushes, pretending that he had been 
hurt and was almost dead. The Geese, hearing him crying, turned and 
•aw him come limping toward them, and they all began to swim out 
into the water. When they were out far enough for safety one turned 
and uHked Coyote what was the matter with him. He answered : ' ' I 
am K^>>"K to be killed if I do not get across the water. I must get 
ncroMM, not ho much on my own account as others, for if I am killed all 
the rivcrM and lakes will dry up and there will be no water for any one. 
I fihould hate to die and cause all of this to happen." 

The Occ.Hc thought for a while, and then decided to take Coyote and 
throw him into a deep hole ; for the Geese were very smart people in 
thoNc days and they knew that Coyote was lying to them. One old 
GooHe, who was very strong, went to the bank and told Coyote to get 
on liin back if he wanted to go across the water. Coyote said that he 
wan too heavy for one to take him across ; that he would not trust him- 
ficlf to one. The Goose told him to get on if he wanted to go across the 
watrr ; that they did not have much time to fool away with him. There 
waN nothing else to do, so Coyote got on the old Goose's back. The 
Gocmc flew up in the air so quickly that Coyote did not know what had 
huppcncd until he was away up in the air. All the other Geese flew up, 
and they all took turns in carrying him. They flew over a timbered 
country l)«ck from the lake, and when they were directly over a large 
hollow tnnik of a tree they dropped Coyote. He fell into the hollow 
trunk and could not get out. He began to pray for power, and asked 
everything all around for help, for he was frightened almost to death 
and thought he would never get out. A Fly flew into the hollow tree, 
and he prayed to him to give him any power that he had which would 
help him out of the tree. The Fly said that his power was too weak 
to help Coyote, but that he would go to a friend of his and bring him 
to help Coyote. The Fly flew away and soon returned, saying that his 
friend was coming. Finally he heard a bird on a tree near by, and he 
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peeped out of a small hole in the tree and saw that the bird was a Wood- 
pecker. The Woodpecker called to Coyote and asked him if he really 
wanted to get out. Coyote answered in a weak voice that he did. The 
Woodpecker said that he had to go and get some one to come and help 
him. Soon Woodpecker returned with some of his brothers, and they 
began to peck a hole in the hollow tree. At last the hole was big enough 
for Coyote to get out. He told them to stick their heads in and see if 
they thought he could get out all right. They stuck their heads in and 
Coyote bit their heads ofiF. After he had eaten all the Woodpeckers 
who had worked to make the hole for him, he escaped. 

62. COYOTE AND RABBIT KILL A BUFFALO.* 

Rabbit and his grandmother lived by themselves, and Rabbit often 
went out to hunt to get something for them to eat. He began to go 
pretty far from home, and his grandmother scolded him and told him 
not to go so far, but to remember that he was little and might be killed. 
Rabbit did not pay any attention, for he knew that he was a good run- 
ner. One time he went far away, but could not find any game, and so 
he turned around to go home. As he went he played along the way 
and sang to himself. Coyote was out the same day looking for some- 
thing to eat. He was just about to give up and go home when he heard 
some one singing. He looked all about and saw Rabbit. He grinned 
to himself and quietly slipped up behind Rabbit. When he knew that 
he was so close that Rabbit could not get away, he yelled '* Bo ! " at 
Rabbit and made a g^ab for him. Rabbit was badly frightened, but he 
determined not to give up. He said : '' Coyote, don't kill me yet and 
I will tell you how to kill some good game. I can not do it alone, and 
I have just been wishing that you would come and help me with my 
scheme." " What is it ? " asked Coyote, very much interested. ** I 
know where there is a big fat buffalo that we can kill if you will go 
with me." Coyote went, first telling Rabbit that if he lied to him he 
would kill him at once. Rabbit led the way to a place where an old 
buffalo stood. They went up to the buffalo, and Rabbit told Coyote to 
climb into its anus. Coyote obeyed and Rabbit followed. When inside, 
Rabbit told Coyote to begin to bite and eat the buffalo's sides. They 
both began and soon the buffalo fell dead. Then an old man ran up to 
the buffalo and began to butcher it. Rabbit told Coyote to hide in an 
intestine, and he hid in the bladder. When the man had cut up the 
buffalo he placed the intestines to one side, but threw the bladder away 
in the bushes. Rabbit crawled out of the bladder and escaped, but 
Coyote was discovered and killed. 
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63. COYOTE. MOUNTAIN-UON. AND RABBIT * 

One time, when Coyote was out hunting for something to eat, he heard 
something crying like a child. He ran to some rocks from whence the 
sound came, and there he found Mountain-Lion's den and her young 
left there alone. He determined to devour them, for he was very hungry, 
but he hesitated because he feared Mountain-Lion. At last hunger 
got the better of his judgment, and, saying to himself that he was not 
afraid of old Mountain-Lion, he killed and ate all of her children. 

When the mother came back from the hunt with food for her young 
ones, she could not find them. She looked every place, and soon dis- 
covered Coyote's foot-prints. She knew at once what had happened. 
She started out to find Coyote, but he always escaped her. After she 
had followed him many days, she sat down on the bank of the river to 
rest. Not far away she saw some one and she at once recognized 
Rabbit. She determined to call Rabbit and ask him to help her catch 
Coyote, for he was the enemy of both. Mountain-Lion called to him 
in a gentle voice so as not to frighten him, and asked him to come to 
her, for she wanted to speak to him. Rabbit was afraid at first, but 
when Mountain-Lion told him that she wanted him to help capture 
Coyote, Rabbit came. They started along the river together. Soon 
they found a deer. Mountain-Lion told Rabbit to wait while she killed 
the deer. She followed the deer into the thicket, killed it, and then 
called Rabbit to come and help her cut it up. When they had butchered 
it, Mountain-Lion told Rabbit to cover her face with fat so that she 
could not be recognized ; then to put the deer on her back. After Rabbit 
had done that. Mountain- Lion told him to get on top of the deer and 
to drive her around until they met Coyote. While they were cross- 
ing the prairie they heard some one calling, ** Rabbit, where did you 
get your fine horse?*' But Rabbit did not answer, and went on as 
though he had not heard the voice. Again the voice called, '' Rabbit, 
did not you hear me? Wait, I say, I want to see your horse." Rabbit 
went on until Coyote, for it was he, had caught up with him ; then he 
said, * * This fine horse was given to me. * ' Coyote said : * * Get right oflF. 
That horse is mine. I lost it and you have found it. Get right o£P." 
Rabbit pretended to be afraid and jumped oflF. Just as Coyote was 
about to get on the horse, he stopped to bite a piece of fat off of its 
face. Then he recognized Mountain-Lion and started to run for his 
life, but it was too late. Mountain-Lion sprang upon him and killed 
him. 

* Told by Wing. 
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64. COYOTE BECX>MES A BUFFALO * 

While Coyote was out hunting something to eat he met Buffalo, who 
was very powerful among his tribe. He was eating grass and looked 
fat and well fed. Coyote asked him if he would give him power to 
turn into a Buffalo and eat grass as he did. Buffalo said : * * Yes, I will 
give you the power which was given to me by the Great-Father- Above, 
but when I give you the power you must not use it every chance you 
get, but only when very necessary. ' ' He told Coyote to stand facing the 
other way and not to move, but to be brave as he was. Coyote stood 
still, wondering what was going to happen to him. Buffalo began to 
throw up dirt with his hoofs and to act very angrily. He told Coyote 
to keep his eyes closed. Then he made a plunge toward him, and 
when he was about to strike him with his horns. Coyote jumped out 
of the way, and Buffalo passed him without touching him. He did 
this the second, third, fourth, fifth, and sixth times, but the seventh 
time he stood there without moving. He could hear Buffalo coming at 
him, but he stood there awaiting what would happen to him. Buffalo 
struck him and rolled him under his stomach with his horns and threw 
him up into the air. When he came down on his feet he was turned 
into a very young Buffalo. He began to eat green grass at once. 
Then the old Buffalo told him that if he wanted to turn into a Coyote 
again, he must find a Buffalo wallow, roll himself over two or three 
times, and then he would arise a Coyote. Again Buffalo cautioned 
him not to use his power too often, telling him that the power was 
good for only seven times, and he also told him that he must not give 
the power to any one else, especially to any of his own race. Before 
they parted the real Buffalo told Coyote to change back into a Coyote, 
and he did so, and then they both went on their way. Before Coyote 
had gone far from Buffalo, he wanted to try his power to see if he 
could use it alone. He did, and became a Buffalo. During that 
same day he tried his power three or four times, and before he had 
met any one he had tried it six times, and had turned himself into a 
Buffalo for the seventh time. While he was a Buffalo he met one of 
his own people, a famous Coyote, and so he went up to him and said : 
** Do not you want me to give you some of my power, so that you can 
eat grass as I do? You look as though you were very hungry.'' 
'* Yes," said Coyote. *' Well, all right,'' said Coyote-Buffalo. ** Go 
off a short distance from me and stand there and face the other way. 
Do not run, but be brave as I am. Close your eyes. Now, I am 

*Told by White-Bread. 
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ready," and so he started at him, but the other Coyote jumped out of 
the way every time until the last time came. Then Coyote stood his 
ground, and Coyote- Buffalo rolled him under his stomach, and they 
both went up in the air and came down on their feet. They were both 
Coyotes, and they stood looking at each other for a time ; then they 
separated and went off. 

65. COYOTE AND THE TURKEYS.* 

Coyote was looking for something to eat, for he was hungry as ever. 
Finally, on his way, he heard a noise. He thought to himself, " Some 
people must be having lots of fun," so he made up his mind to go and 
enjoy himself with them. He went in the direction of the noise and he 
found many Turkeys. They were having fun by getting into a large 
sack and rolling down a steep hill. When the Turkeys saw him coming 
they said that they were going to put him in too. Coyote came and 
wanted to take part in the fun, for he thought it a good chance to kill 
some of the Turkeys. He let the Turkeys roll him down the hill two 
or three times ; then he thought that his time had come to carry out his 
plan. He told all the Turkeys to get into the sack and he would roll 
them down the hill. Every one of them crawled into the sack, and then 
Coyote tied it fast at each end, so that they could not get out, and put 
it on his back and started for home. He had four young sons at home, 
and calling them to him he opened the sack and took out one of the 
Turkeys, saying : * * You see this. I have that sack full of Turkeys. 
Build a big fire and we will have a feast." They built a fire, but did 
not have enough wood to make a big, hot fire. *' We will go to the 
timber for wood, and you, ' ' speaking to his youngest son, ' 'stay here and 
watch the sack." "Be careful not to untie the strings," said Coyote. 
Then he and his three sons started for the wood. After they had been 
gone a little while young Coyote thought he would look into the sack 
and see what the Turkeys were doing. He untied the strings, and just 
as soon as he untied the strings the Turkeys all ran out and flew away. 
Young Coyote did not know what to do, but finally he decided to put 
some dirt in the sack and fool his father that way. He went to work 
and filled the sack with dirt. His father returned and said, '' Now, 
children, we will have a fine feast," and went to the sack to kill three 
or four more of the Turkeys ; but when he opened the sack he found 
nothing but dirt in it. Coyote was very ang^ at his son, and he asked 
him how he had let the Turkeys get away, and the boy told him all 
about it. Coyote killed his young son and ate him in place of the 
Turkeys. 

♦Told by White-Bread. 
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66. COYOTE'S EYES ARE REPLACED BY BUCKEYES * 

One time Coyote was out hunting something to eat, and on his way 
he heard a noise and he said to himself, " I think those are some Tur- 
keys that escaped from me some time ago. They will not get away 
this time, for I will kill them before I get home." And so he made 
up his mind to go and see what they were doing, and to catch them. 
When he went to the place, he found Ducks playing about in the 
water. When they saw Coyote coming they knew him at once, for 
they had often heard about him. They came out of the water and 
stood on the bank, and when he came up they asked him if he would 
like to play with them. He said, '' Yes, that is just what I want to 
do, and I will show you some of my tricks after you show me some of 
yours." They debated what to play, and one of the Ducks spoke up 
and said : " We will play in the water. We will take one man and 
take his eyes out and let him dive into the water just as long as he can 
hold his breath, and as soon as he goes under the water we will throw 
his eyes into the water after him, and when he comes out from under 
the water his eyes will be in their place. How do you like that?" 
the Duck asked Coyote. " That is all right," said Coyote. '* Well, 
we will commence now." The first Duck had his eyes taken out, and 
then he dived into the water and his eyes were thrown in after him, 
and when he came up he had them in their place. Then another took 
his turn, and so on until every one of the Ducks had tried, and then 
Coyote's turn came. His eyes were taken out and thrown into the 
water after him, and he came out with his eyes in their place. The 
Ducks were given power to do most anything that they wanted, but 
they had the power to do each thing only once. Coyote wanted to try 
the trick once more, but the Ducks did not want him to try it again, 
for they knew that their power was limited to one time. Coyote kept 
begging them, and finally the Ducks let him try the trick again, and so 
they took his eyes out and he dived into the water. The Ducks knew 
that they could not put the eyes in place again, and so they flew away 
and left Coyote. While he was going along he was talking and 
crying. He was asking some one who had greater powers than he to 
help him out of his trouble and to give him eyes again. Finally a 
man found him and he told him that he would help him all he could, 
and told him to wait there until he returned. He went off to find 
something with which to make Coyote some new eyes. He was gone 
for a while, and when he returned he had some green buckeye balls. 

* Told by White-Bread. 
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He told Coyote to be brave once more, that he was going to hit him 
where the right eye was with the buckeye ball, and then where the 
left eye was with another ball, and then he would be able to see ; and so 
he did, and thus Coyote's eyes were restored. 

67. COYOTE AND TURTLE RUN A RACE.* 

One time, as Coyote was returning from a long and unsuccessful hunt 
for game, he passed the home of his old friend Turtle. Being weary 
and hungry and in no hurry, he decided to stop and make Turtle a visit. 
Turtle invited him in and offered him something to eat, as Coyote had 
hoped that he would. While Coyote ate, Turtle stretched himself out 
to rest, saying, **I am tired out. I have just come back from the 
races." Coyote asked what races. **Our people have been having 
foot races down by the river. Have not you heard of them ? * ' Coyote 
smiled at the thought of Turtle's racing and said that he had not heard 
of the races, and if he had he surely would have been there. ** Who 
won?** he asked. **I did,*' said Turtle. **I have never yet been 
beaten in a race with my people.** Coyote answered, ** I have never 
been beaten either. I wonder how a race between us would come out. ' ' 
** The way to find out is to have a race,** Turtle said. ** I am willing, 
if you are. When shall we have it ? *' Coyote answered. They deter- 
mined to run the race two days hence. In the meantime Coyote had 
finished eating, and so, promising to come on the second day to run the 
race, he departed. 

When he arrived home Coyote sent his son to call all of the Coyote 
people and announce to them that his father was going to run a race 
with Turtle, and that he wanted them all to come and bet heavily on the 
race, for of course he would defeat Turtle. As soon as Coyote had gone 
Turtle sent his son out to announce that his father was going to run a 
race with Coyote, and that he wanted all of the best runners to come 
to his lodge. They all came and listened to Turtle's plan to beat Coyote 
in the race. Turtle arose when they came in and said : * ' We all know 
that Coyote is a good runner, but he is also a cheat. He has cheated 
us in many ways. Let us now cheat him out of this race. Will you 
help me do it ? " Every one present agreed to help him. Then he con- 
tinued: ''This is my plan. I want each one of you to put a white 
feather in your hair just like the one I wear, and paint yourselves to 
look just like me. Then station yourselves at intervals along the course. 
Coyote will run with his head down, as he always does. One of you 
will start with him, but when he has left you far behind drop down in 

* Told by Wing. 
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the grass. Then the next one will jump up and run. Coyote will look 
up and see you ahead, then he will run until he passes you. Then the 
next one will jump up and run, and so on until the last one. I will be 
the last, and beat him over the goal." The Turtles talked over the 
plan, then arose and went home to prepare for the race. 

The first day passed, and then the day came when they had to run 
the race. Early in the morning the Turtles stationed themselves along 
the way in the tall grass, and soon Coyote came. They began to 
discuss rhe distance they should run. Turtle wanted to run a long 
distance, but Coyote did not want to go a very long distance; he 
thought that he could beat Turtle in a short distance just as easily as 
in a long distance, and he did not care to tire himself. Turtle insisted, 
and so Coyote said that he would agree to any distance that he would 
mention. Many Coyotes came and began to bet on Coyote. 

They started to run and all the Coyotes began to laugh, for their man 
was far ahead, but soon to their surprise Turtle was ahead. Coyote 
overtook Turtle, and then they began to laugh again. Soon they heard 
the Turtles cheering, and to their amazement Turtle was far in the lead. 
Again Coyote overtook Turtle, and again Turtle came up far in the 
lead. The Coyotes cheered one moment and the Turtles the next. 
Just as Coyote had passed Turtle and was near the goal. Turtle crossed 
the line, and all the Turtles set up a loud cheer. Coyote ran off in 
the grass, and is wondering yet how Turtle beat him in the race, and 
all the other Coyotes are angry at him because he lost the race and 
caused them to lose so many bets. 

68. COYOTE, WILD-CAT. AND THE OLD WOMAN. 

An old, blind woman lived all alone. Her home was far away, and 
no one ever came to see her and few people even passed by. Though 
she was blind and old she somehow always had plenty to eat and seemed 
to get along as well as any one else. She always had her pot full of 
meat, and those who passed could smell it cooking, and they wondered 
who brought the meat to her. Whenever she sat down to eat she 
would always say, "All ready for dinner," just as though she were 
calling some one to come and eat with her ; then she would say, * * Orphan, 
I was only talking to myself." 

One day Wild-Cat happened to come to her house while he was out 
looking for something to eat. He smelled the cooking meat, and so 
decided to stop a while. When he went in he saw that the old woman 
was blind. He slipped quietly to a comer and sat with one eye on the 
boiling pot and the other on the old woman while he tried to make a 
8d 
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plan to steal the meat. After a while the old woman took the pot off 
of the fire and sat down to eat, but first she called, '*A11 ready for 
dinner. Orphan, I was only talking to myself.'* Wild-Cat sprang up 
ready to run, for he thought that she saw him and was talking to him. 
When she did not say anything more, but began to eat, he forgot his 
fright and slipped over and began to eat, too. He ate very quietly, 
being careful not to crack any bones or to make any noise in chewing 
or swallowing. He ate until there was only a little left in the pot ; 
then he slipped quietly out. After that he came there every day and 
ate so much that he grew slick and fat. 

One day Coyote met Wild-Cat and said : ** You always seem to have 
plenty to eat, and yet I never see you kill any game. Where do you 
get so much to eat ? " Wild-Cat told Coyote how he went to the old 
woman's home and ate from her pot every day. Coyote wanted to go 
along, and so Wild-Cat agreed to take him, but first he made him 
promise to keep very quiet and to do only what he was told. Coyote 
promised, and so they started to the old woman's place. When they 
came near Coyote smelled the cooking meat and started to run on ahead, 
but Wild-Cat pulled him back. They slipped inside and sat near the 
door while the meat was cooking. When the old woman took the pot 
ofiF of the fire and called, **A11 ready for dinner," Coyote jumped up, 
and it was all Wild-Cat could do to hold him back. When the old 
woman began to eat, Wild-Cat and Coyote slipped up and quietly stole 
meat out of the pot. Coyote put a big piece in his mouth and began 
to chew so hard that he forgot all about keeping quiet. His jaw came 
down on a bone and it cracked so loud that the old woman jumped up. 
Wild- Cat saw his jaw coming down on the bone and was out of the 
house by the time the old woman jumped up. She ran to the door 
and closed it, and then took a long spear that stood in the comer and 
began to poke around in the room. Coyote slipped about for some 
time, but finally the spear pierced him and he cried out with pain. 
Then the old woman knew for sure that some one was in the house, and 
so she kept on poking until she killed him. Wild-Cat came back next 
day and found Coyote dead. He was sorry, not because he cared for 
Coyote, but because he was afraid to go in the old woman's house 
again to eat, for fear she would kill him. 

69. COYOTE CHALLENGES THE SNAKE.* 

One time while Coyote was out hunting something to eat he decided 
to go where Snake lived. He started in the direction he thought Snake 
lived and went to many places, but he could not find him. He went 
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along talking to himself, saying, "I thought so; Snake is not so 
poisonous as people think, and if I ever find him I will show him my 
power.*' He kept going from place to place. Finally he came to one 
place and thought he would stop and rest for a while. He was not 
there very long when he heard some one calling him. He arose and 
looked around and saw Snake coming toward him. When Snake came 
up to him. Coyote asked him how he was getting along in the world, 
since he had been made so small. *' You look so small that I do not 
think you can do very much harm to any one, though I have heard 
many times that you have much poison. They say that you are more 
dangerous than I, and so that is the reason I have gone from place to 
place looking for you. Now that I have met you I want you to show 
me in what way you are more powerful and dangerous than I am." 
Snake said: '*Yes, I look very small to you, but you know that 
although I am small I am given power by our Father, and by his aid 
I have done many things in this world. I have killed many animals, 
large and small. Now you have come to see me, and whatever you 
want me to do I will do it ; but first tell me what you want me to do." 
* * Well, ' ' said Coyote, * * I want to see which of us has the most power. * * 
'*A11 right," said Snake, **you may bite me just once anywhere you 
like, and I will bite you, too, and in that way we will see who has the 
more power." ** But you have to bite me first," said Coyote. **A11 
right," said Snake, and went up to Coyote and bit him on the top 
of his nose, and then said : " That is all I can do." Coyote stood 
there as though he was not hurt at all. He asked Snake if that was 
all he could do, and Snake said : '' That is the best I can do to show 
you my power." Coyote said : ** Well, it is my time to show you my 
power." ''Yes," said Snake, and so Coyote came up to Snake and 
bit him nearly in two. Snake cried out and begged Coyote to let him 
go. ** Now," said Coyote to Snake, ** you lie there and I will lie here. 
We will call to each other every now and then, so that we can see who 
will live the longer." Snake went a little way off and laid down, 
acting as though he were about to die. Coyote also went off a little 
way and lay down. He was thinking Snake would die in a little while, 
and so he called out to him. Coyote could just hear him answer in a 
weak voice, as though he was almost dead. After a while he heard 
Snake calling him and he answered with a big voice. They kept on 
calling to one another all night. Toward daylight Snake called Coyote, 
but no answer came from him. He called again, but still no answer. 
The third and fourth times he called, but there was no answer. Snake 
went over to see what was the matter, and when he got there he found 
Coyote all swollen and dead. Snake was more dangerous than Coyote. 
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70. CX>YOTE TURNS INTO A CORN MILL.* 

The women made their com mills from the trunk of an old tree* 
They cut a piece about two feet through and three or four feet high 
and hollowed it about twelve inches deep in one end. There they 
placed their com and ground it to meal with a potmder. There were 
many of these mills, but one that was very old and smooth the women 
liked best. 

One day a woman went to use the old com mill, and as she pounded 
her com she saw that it was diminishing too fast, and when she had it 
ground she saw that she had only a little. She gathered up her meal 
and said nothing, but watched the next woman pound her com. It 
disappeared in the same way, and so did the com of the third and the 
fourth women who came to use the mill. They all wondered what 
could be the matter with the mill, and they examined it carefully and 
saw that it was not the old mill that they had always used. One of 
the women cried out to get an axe and cut it and see where their com 
had disappeared. As one of the women ran to get an axe the mill fell 
over and began to roll about, and Coyote jumped up from the place 
where the mill had been and ran away. Coyote had turned into a com 
mill and hidden the old one so that he could get all he wanted to eat. 

♦Told by Wing. 
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I. THE CREATION AND EARLY MIGRATIONS. 

In beginning darkness roles. Bian comes, and soon there is village with thousands 
of people. Man disappears ; returns with seeds. He says Son is coming and will 
be given power by Great-Pather- Above. Unknown man tells people to select chief. 
In cooncil is Coyote, who tells people to call unknown man Moon, because he is 
first created man on earth. People make Moon chief, and he selects errand-man 
to summon people, and chief tells them they are to move to better world. They 
divide into groups and select leaders, and chief gives each leader drum and tells 
them to sing and beat their drums. None of them is to look back, lest they should 
be stopped and stay in darkness. People move westward and come out of ground 
to another world. Coyote tells chief world is too small, and looks back. Half 
go back and others go on west. Chief throws dirt in front of him and forms high 
mountains. People come to mountains and there make their first homes. Moon 
goes to mountain top and sees people have scattered in different directions. When 
together they spoke Caddo ; now each group speaks different language. Moon 
says direction to right is north, or cold side ; that to left south, or warm side. Sun 
comes up from east and goes down in west. He goes too fast to do any good, so 
Coyote starts eastward and tells Sun he wants to talk with him. They walk 
together slowly, and when half way to west Coyote tells Sun he is going to defe- 
cate and asks him to wait a while. Coyote goes behind bushes and then runs 
away. Sun waits ; then starts on slowly, still waiting for Coyote. Banning of 
real people was in village called Tall-Timber-on-Top-of-the-Hill. Moon calls people 
together first time in new world, and says child will soon be bom of woman and 
will have more power than any one else. He will name himself Medidne-Screech- 
Owl, after former chief, and have with him bow and arrows. Child comes and has 
bow and arrows. On his first birthday he names himself Medicine-Screech-Owl. He 
says bow and arrows are for men to kill game. He teaches people to make bows 
and arrows. In those times animals talked to human beings and they understood 
one another. Afterward some human beings turned into animals. Medidne- 
Screech-Owl visits most ferocious animals in behalf of people. People have little 
to eat, except man and woman known as Buzzard, who have plenty of meat. 
Coyote, in order to find out where they get so much meat, turns into dog. Buzzards 
find little dog. Man says it is not real dog. To find out whether it is real dog, 
woman pinches its ear and it howls like dog. Man tells woman to give dog some 
meat to see whether it eats fast. She does so, and Coyote takes his time in eating 
it. So Buzzird believes woman and they keep dog. Coyote stays with them untO 
meat gives out and then watches them. Buzzard starts out after more meat, leaving 
dog at home. He follows and finds out where they get their meat. Three days 
afterward he goes to cave with rock as door, where he had seen Buzzards at work. 
He opens place and out come thousands of buffalo. Buzzard discovers what has 
happened, but dog has gone. Coyote tells people to make bows and arrows, as 
buffalo are coming. Buzzards now have to look for dead meat ; so they become 
real buzzards. As time passes on, people notice that Moon pays no attention to 
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them and itays at home. He is unmarried and lives with hia father and mother 
and one very young sister. Unknown to his father and mother. Moon goes by 
night to see his own sister. She does not know who he is ; but one night she put 
black paint on her fingers, and when man comes she passes fingers across fore- 
head and makes black marks. In morning she sees marks on his forehead. When 
Moon learns that people are finding out about him, he is ashamed and wishes to 
leave them. Father- Above takes him away and places him far above, where people 
can tee his shame marks on his forehead. After Moon has gone, people select 
Medicine-Screech-Owl as chief. He makes them move westward, climbing moun- 
tains. At top they see large lake, and Medicine-Screech-Owl says waters are tears 
shed by Moon for wrongs he had done his people. People keep moving on west- 
ward and make bows and arrows. They go long distance to hunt buffalo and 
other animals. One place they dare not go to, as in water there is most ferocious 
animal. Medicine-Screech-Owl goes to kill animal. He makes narrow road 
through thicket and sees animal. He has bow and some com to use in killing it. 
He throws corn into air and it becomes blackbirds, which fly over head of animal. 
When animal rises to draw blackbirds down, Medicine-Screech-Owl shoots it 
through heart, first from right, then from left side. Animal falls and dies. Coyote 
now becomes bad man and makes all kind of trouble among people. Medicine- 
Bcreech-Owl tells Coyote he must go, but on Coyote's saying he is going to stop 
his mean tricks, chief allows him to stay until he should be captured or killed at 
any time. 

2, THE ORIGIN OF DAY AND NIGHT. 

In beginning people live in darkness. They discuss how they can get light. 
Man who is prophet is appointed by Coyote to investigate. Prophet reports that 
there are yellow, black, spotted, half-spotted, and white deer. He says that if 
they kill both black and white deer they will have day and night. They hunt 
until they kill black and white deer, and from that time we have had day and night. 

3. THE ORIGIN OF ANIMALS. 

People and animals live together and are same in beginning. After a time there 
if not food for all. Council is held and chiefs determine that some shall become 
anlmsli and be hunted for food. People living near burnt grass are rolled in 
ashes until they become bears. They are given ten lives. When killed first time, 
second life is to arise from blood spilled upon ground, and so on through other 
lives up to tenth, bear to become fiercer each life, and finally to eat human beings. 
People living near long grass arc rolled and become buffalo. They are given ten 
lives and put to live upon prairie. Deer are made in same way. and after them all 
other animals. 

4. COYOTE REGULATES LIFE AFTER DEATH. 
Coyote proposes rule that when any one dies he shall be dead forever and no 
living person ever see him again. People are well pleased, and from that Ume 
ihen anybody dies he is gone forever. People are taken to sky and becomestars. 
?or^ir/?ar has three brothers, and he is leader. He gets up early now be<^use 
flerlvt^^^^^^ HisbrothersareEvemng^tar. 

formerly he was erraiia ^hev watch lest enemy should approach. Their 

dies goes up to sky. 
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5. COYOTE AND THE ORIGIN OP DEATH. 

In beginning there is no death, but there Jare so many people that there ia no 
room for any more. Coyote thinks people should die for good, but all others 
decide that people shall come back. McKlicine-Men build a grass lodge and tell 
people that when white and black eagle feather on top becomes bloody and falls 
over, they will know some one has died. Then Medicine-Men will sing and call 
spirit to grass house and they will restore it to life again. Sign shows that some 
one is dead. Medicine-Men sing, and in ten days whirlwind blows from west, 
circles about, and finally enters by east. Prom it appears handsome young men. 
People rejoice, except Coyote, who is displeased. After feather becomes bloody 
and falls. Coyote goes to grass house and sits near door with singers. When he 
hears whirlwind coming and it is about to enter, he shuts door. Spirit finding door 
closed whirls on by. Death forever was then introduced. Ever since then spirits 
of dead wander over earth until they find road to spirit land. Coyote runs away, 
and ever since he runs from one place to another, looking back to see if he is being 
pursued. He starves, as no one will give him food. 

6. THE SECOND MAN WHO CAME OUT OP THE EARTH. 

Moon first man to come out of earth into world. Second man is Tonin, who is 
greater than Mooq and more powerful. He is four feet high and rides horse no 
big^ger than dog. He can turn darkness into light and have anything he wishes 
for. By wishing he can go any distance, and he can kill any game by pointing 
his forefinger at it. Prom time to time he disappears into sky. He can foretell 
future. He calls people together and tells them about this world, and says in six 
days he is going away and will be gone six winters and seven summers. He wishes 
them to come and see him start. On sixth day Tonin sings death song, and is 
gradually lifted up from earth to sky. When it is time for him to return, stars become 
brighter and larger. When day comes and Tonin *s brother gives sign that he is 
about to return, large stars come up in east and Tonin comes back to earth. He 
tells people about future, and that strange people will come and frighten away 
buffalo, deer, and bear. After some time he tells people he is going as before, but 
that he will not return. He goes up into sky. 

7. SNAKE- WOMAN DISTRIBUTES SEEDS. 

Great-Pather gives seeds of all growing things to Snake- Woman. Afterward 
she and her two sons travel over world to carry seeds to people. They give six 
seeds of each kind of plant to every person. Snake- Woman says they are not to 
allow any one, especially children, to touch them or ever point to them as they grow. 
If any one gathers seeds too soon she will send poisonous snakes to bite them. 

8. THE PLOOD. 

Waters of earth dry up. People become crazed and cut to pieces dead animals 
that dwelt in water, thinking them responsible for water disappearing. They see 
man in sky coming from west Wind blows and man lights on ground, canying 
small green leaf. He tells people they have abused him and he is angry. He 
motions leaf in four directions and water falls from it. Waters grow in volume 
and rise ^)1 over world to highest mountains except one. To this mountain man 
leads few of people, and they stay four days. As waters rise man causes moun- 
tain to rise. When g^reen things appear on earth again, he leads people down from 
mountain. They find many people have been turned into alligators and other 
water animals. 
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9. THE EFFEMINATE MAN WHO INTRODUCED STRIFE. 

Man works and dresses like women and goes with them. War breaks oat, and 
all men go to fight but this one. Old man threatens to kill him if he will not fight. 
Man refuses to go, and when old man threatens to have him killed by warriors on 
their return, he says they can not kill him and he will bewitch people and cause 
them to fight and kill one another. Old man incites warriors to kill man as 
coward, and they beat him until they think he is dead. He jumps up alive and 
they cut off his head. He runs about headless. People notice spot on little finger 
of left hand. They cut it out and man lies down and dies. Soon after, people 
begin to fight and quarrel and kill each other. Then old man tells people what 
coward had said, and they are sorry they killed him. 

10. THE ORIGIN OF THE MEDICINE-MEN. 

In days of old, people and animals are on friendly terms. Animals possess won- 
derful powers and give people power in dreams or visions. Man who has had 
dream remains several days in silence. He then calls friends and old men to lodge 
and teaches them his songs and dances. They all call themselves medicine-men, 
and if any one is sick they hold dance in grass lodge for six days and nights. 
First medicine-men to receive power and give dance are two young brothers. 
They are brave hunters. In sleep in lonely woods both have dream, in which they 
walk together toward east. They see man coming rapidly toward them. He 
stops and after long talk reveals bag and asks them choose any kind of medicine. 
He gives them medicine for long life and teaches them how to use it. When boys 
wake up, each remembers dream, but says nothing. After many months each begins 
to try his powers. War breaks out with Chickasaw and many are killed or taken 
prisoners. Chickasaw on way home have war dances and dance around prisoners. 
Young man escapes, and when Chickasaw come after him he crawls into hollow 
log. After they return he crawls out and goes home. Many men are away when 
Chickasaw make attack, among them two brothers with power. Men start to 
pursue Chickasaw and overtake them. At first sight they run into camp, kill 
many Chickasaw, and rescue prisoners. Strong- Wind and his brother exhibit won- 
derful powers. After many years brothers die and tribe has no medicine-man. 
Finally very young man is given powers by Black-Mountain-Bear. While out 
hunting, darkness comes and he lays down to sleep in shelter. He dreams that he 
is walking on narrow trail eastward and sees man sitting with head doivn. Man 
tells him he wants to give him medicine, and takes out many roots, of which boy is 
to choose six. He takes six roots, but old man tells him he must go before six men, 
who will explain their use. He gives back four. He sees old man sitting by trail, 
who explains use of his medicine. While going toward third man he awakes. 
He returns home and keeps silent. He wanders about, looking for roots seen in 
dream. At last he finds plant. Soon after man is about to die. Young man calls 
medicine-meu together and teaches them dance song he has been taught in dream. 
They all go to sick man's lodge. They dance six days and nights before young 
man finds out what is matter with him. Finally young man begins to tnlk in 
strange tongue and dances slowly. He falls to ground and begins to crawl like 
mad bear. He places mouth on place where greatest pain is, draws p^n out by 
blowing breath on place, and pain is gone. People know Black-Mountain-Bear has 
given him power. He is now called Black-Mountain-Bear-Medicine. Medicine- 
men's society holds dance and wants young man to show his powers. Sixth night 
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lie joins dance. He dances faster and faster and picks up gun. He takes out 
bullet and powder and puts them back again and gives gun to helper. He dances 
again, falls, kneels, and spreads out arms. Helper shoots him through breast and 
he falls in faint. He rises, dances again, and shows bullet to people. He has 
caught it in his hands. Another joung man has wonderful power given him by 
Mountain-Bear. He has bear's skin that he causes to turn into young bear, which 
follows him about. Then he turns animal back into skin. There are two kinds of 
medicine-men. One has power to heal sick ; another has power to prevent any one 
from being hurt or harmed. The latter are more powerful than others, as they can 
X>erform without medicine and can be with people afar off. They have a song of 
death which frightens away death. This power is generally given by Sun, Moon, 
Stars, Earth, or Storm, and also by some very wild and ferocious animals. 

II. THE GIRL WHO MARRIED A TURTLE. 

Girl lives with two brothers, who are famous hunters. Girl plays by water and 
gets to know Turtle. He asks to be her husband. She consents and sees him 
as often as she can. Brothers go away for many days. Girl builds high bed for 
Turtle ; carries him home and puts him in it. Every dsy she puts bowl of pota- 
toes in bed for him to eat. Brothers come home, and she wants to take Turtle 
back to river, but he begs to stay. Boys notice high bed, but suspect nothing until 
they see sister take bowl full of potatoes to bed and take it out empty. They 
pretend they are going hunting, and soon return. Girl goes to dig potatoes. Boys 
find Turtle in bed and kill him, and then run away. Girl finds husband dead and 
ruus after them. Boys come to river, where many white ducks are playing. Boys 
offer to paint ducks different colors if they will carry them and bob-tailed dog 
across river. Ducks carry them across and soon girl comes. Ducks say they 
have not seen boys and dog. White duck, whom boys have forgotten to paint, 
says boys and dog have just passed. Duck carries girl across. Brothers see her 
coming. They meet three white doves, who, at their request, fly to the sky with 
them and dog. Smoke makes doves* white feathers gray. Girl asks doves where 
brother and dog are. They point to three bright stars in southern part of sky. 
Girl looks at stars and falls dead. 

12. THE MAN AND THE DOG WHO BECAME STARS. 

Man has dog who when they ■ are off alone hunting talks as if he were man. 
He can always tell what is about to happen. Once Dog comes running back and 
tells master they are coming to dangerous place. Dog scents deer and starts on 
trail. Man shoots deer, which runs to lake aud jumps into water. Dog jumps in 
and holds deer until man comes. They kill deer, and man swims towaurd shore 
with it on his shoulders. Dog cries out. They are surrounded by poisonous and 
dangerous water animals. Man prays to spirits to help them, and water leaps up 
and throws them on shore. Man in gratitude throws some of deer's flesh into 
water as sacrifice. Man and dog decide to leave this dangerous world aud go to 
sky to live. They are two bright stars in south. 

13. EVENING-STAR AND ORPHAN-STAR. 

Poor orphan boy lives with large family who mistreat him. He goes with 
people to island in large lake to hunt eggs. They go away while he is asleep and 
leave him to starve. He lives for time on scraps he finds around dead camp fires. 
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He sits by water's edge and tries to catch fish as thej swim post Large animal 
with horns comes to him through water. He tells boy he will carry him to main- 
land. He climbs upon animal's back and animal says he is to tell him if he sees 
star. They have not gone far when boy says there is big star in west. Monster 
sees it, turns and swims back to island. For five days he starts with boy and swims 
back again because boy sees star, but each day he gets little farther. Sixth time 
he is within few feet of opposite shore when boy sees star. Boy says nothing and 
monster swims on until they are near shallow water. Boy sees great black cloud 
roll in front of star. He jumps off animal's back and svdms to shore. Somethings 
strikes auimal with awful crash and he is killed. Handsome young man comes and 
thanks boy for what he has done. He has long tried to kill monster, because he 
made waters of lake dangerous. Man, who is Evening-Star, takes boy to sky and 
he stands near him as Orphan-Star. 

14. THE GIRL WHO MARRIED A STAR. 

Maiden sleeps in arbor and watches stars. She goes to sleep, wishing one star 
especially would marry her. When she awakes she sees old man sitting by fire- 
side. He tells her she is Star's wife. She begins to cry. Star's sister is preparing 
food, and tells her to stop crying and come and eat. Women go out to dig pota- 
toes. Big potato is gate of heaven and covers entrance to world beneath. Girl 
tells Star's sister she wants to go back again. Sister tells Star and he agrees to 
let her return in six days. They begin to make rope of young elm bark. In six 
days rope only half long enough. It is finished on eleventh day. Next morning 
girl is fastened to end of rope and let through hole. Rope is gradually slipped 
out, and after long while she sees earth. She travels many summers and winters. 
Her food is almost 'gone and she is far from earth. Rope ceases to slip and she 
hangs there long time. She sees Buzzard circling around below her and she calls 
to him. He takes her on his back and flies until he nearly gives out. Hawk helps 
him and flies with girl until he gives out. Buzzard takes her again and alights 
with her near village. Girl is weak and exhausted, and woman helps her to lodge. 
Mother does not know her at first. After tenth day people come to tipi to see 
her. She tells them her story, and especially about kindness of Buzzard. After 
that, people always leave one buffalo for buzzards after big killing. 

15. THE GIRL WHO MARRIED A STAR. 

Very beautiful girl, whose three sisters marry, will not receive attention. She 
is tired of home and prays spirits to help her go wherever she wishes. She watches 
stars and wishes she may become wife of North Star. She sees very old man 
sitting by fireside and thinks she is dreaming. Old man tells her she is in his 
home as his wife, as she wished. She does not like looks of old man, but has 
to stay. She tries to get away and thinks of big stone North Star has told her not 
to move. She goes and lifts stone and finds she can look down to earth. She 
wonders how she can get down, and thinks of rope of soap weeds. When North 
tar is out at night she cuts soapweeds, and when she has enough she begins to 
make rope. When rope finished she fastens it to rock, and next time man goes 
away she climbs down. She comes to end of rope before she comes to tree tops. 
She hears noise, and bird passes under her feet. When passing fourth time he 
tells her to step on his back and he will take her home. She gets on bird's back 
and he flies with her to her home. Before leaving her he says he is Black-Bagle. 
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16. LIGHTNING AND THE PEOPLE. 

Ligbtning lives upon earth with people, but he becomes so powerful and kills so 
many people that he is sent away. Great monster lives under ground and begins 
to carry away people. They can not kill him, as he always disappears under 
ground. Lightning tells them he will kill monster if they will let him come back. 
He will kill all monsters and make earth safe place for people to live. People let 
Lightning come back. 

17. THE BROTHERS WHO BECAME LIGHTNING AND THUNDER. 

Medidne-Man has wife and child twelve years old. He kills many deer. One 
day on returning from hunting he finds boy alone. He asks where mother is, and 
child says she took water bucket and went toward creek. They go and can not 
find her. There are footprints at edge of water, and man knows something has 
taken his wife. They go back to house and mourn for six days. Seventh day 
Medicine-Man goes hunting. While he is gone, boy plays with bow and arrows. 
Fourth time father goes, and while boy is playing, unknown boy with long nose 
and very long hair comes. He says he is boy's elder brother, and will always 
come to see him when father goes hunting, but he is not to tell father. They play 
with bows and arrows, and unknown boy runs back to woods when he sees 
Medicine-Man coming. Medicine-Man again goes to hunt, and after fourth time 
boy wakes father at midnight and tells him about his brother. Father says they 
must capture boy and tells son he must play as though he had gone away, and 
he will turn into small insect and stay behind door. Boy comes, but sees man 
behind door and runs away. Next day father places himself at edge of roof of 
grass house, but boy again sees. Third day father tells boy to tie other boy's hair, 
and then places himself in middle of fire, but unknown boy finds him out and 
runs back to woods. Next day man goes behind another door, and fifth time he 
places himself in air, but boy each time finds him. Sixth time boy does not see 
which way father goes, and when he says father has gone hunting, other boy 
believes him and sits down by him. Little boy gets hold of his hair and says 
there is something in it. Boy tells him to get it out, and little boy ties hair as 
father had said. He calls and father jumps out of grass house. They capture boy 
and keep him in grass house six days. Then they wash boy, and Medicine-Man 
cuts his nose off and makes it look human. Before going hunting again, Medicine- 
Man tells boys not to go to place where large squirrels live, for they kill little 
children. They go to place and big squirrel comes out of hole in tree, sticks 
tongue out like snake, and takes young brother into tree. Other boy goes home 
and brings fire. He puts hard red stones into fire, and when hot throws two 
stones into hole. Large squirrel comes out and drops on ground dead. Boy goes 
and cuts ox>en squirrel's stomach and finds brother alive. Boys go to make arrows. 
Unknown boy makes two arrows for his brother and paints one black and other 
blue. They make small wheel of thin bark. They roll wheel to each other and 
shoot it with arrows. They play with wheel every day until Medicine-Man's boy 
misses it and wheel keeps rolling and they can not find it. They start out after 
wheel, and when they have gone long way, they stop for rest. They pray to spirits 
to help them. Unknown boy puts pecan nut in ground. It sprouts and tree grows 
up to sky. Boy tells brother he is going up tree, and will be gone until he has 
dropped all bones in his body and his head, and that brother must gather bones in 
pile, cover with buffalo calf's hide, and shoot arrow up as hard as he can. When 
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he hears arrow coming he is to tell him to get oat of way, and bones will do so. 
Boy then climbs tree, and after a while his bones drop, and little boy piles them 
together as he wbs told, and shoots black arrow, and brother jumps from calf hide. 
He sa3rs his father has given him very dangerous power, and that brother must 
climb tree to get power. Little boy climbs tree with like result. Little boy has 
power of thunder and other boy power of lightning. They go on until they come 
to large lake and see place where wheel has passed into water. They pray again, 
and boy plants another pecan, and large tree springs up and it bends over lake and 
makes a bridge. They cross and find trace of wheel. They follow it and see old 
man. Lightning boy tells Thunder boy that old man took wheel and has it in his 
right side. They kill man and find wheel. They go on and find old man's people, 
whom they kill. They come to pile of bones and they are bones of Medicine-Man's 
wife. They cover them with buffalo calf hide, and bring her to life again by means 
of black arrow. They all start for home. Lightning boy gets there first and finds 
father very old man and still weeping for his children. He goes out to meet his 
wife and son. All live happily for number of years, and then father and mother 
die. Boys are lonely and decide to leave world. They go up in sky, and when 
clouds gather in storm, Lightning and Thunder are seen in their midst. 

i8. SPLINTER FOOT BOY. 

Orphan boy who lives with grandmother is famous hunter. While long way 
from home stick pierces his leg and breaks off inside. Leg swells and friends 
have to carry him home. Leg continues to swell and finally skin breaks and child 
comes. Boy is angry, but grandmother cares for baby. While she is away boy 
takes child to lake and leaves it Child lays there until it grows to be good- 
sized boy. Many birds fly over lake, and when they are half way cross, lake leaps 
up and draws them down. Boy sees this, and one day sees big water monster in 
water. He wishes he could kill water monster, and while thinking about it some 
one hits him on back. He turns, and there is Medicine-Screech-Owl, boy about 
his own age. Medicine-Screech-Owl says he will help him to kill monster, and 
tells him to go to grandmother's and get six arrows, bow, and six grains from six 
different kinds of corn. Grandmother surprised to see him and gives him all he 
asks for. He returns to lake and Medicine-Screech-Owl throws three grains of 
each kind of com into air. They become birds and fly across water. Water 
monster leaps up to draw them down, and boy shoots at monster. Sixth arrow 
pierces it through and it rolls over and floats on water. Medidne-Screech-Owl 
says it is largest water monster in world. He takes bow and pulls monster to 
bank. He disappears and boy goes to grandmother's house and tells her what 
they have done. Boy goes again to lake. Water is very low, and so clear he sees 
fish swimming about. He dives to catch fish, and sword-fish goes right through 
him. Boy shoots fish ivith'^bow and arrow. Next day all water gone, but boy 
sees two large shells. He takes them home and cuts them so that he can put them 
over holes made by sword-fish. He wears one in front and one behind. Shells 
have power of hearing any sound in whole world. Whenever boy wants to hear 
anything he puts shells to his ears. He now becomes g^reat medicine-man, and 
people plan to kill him. He and grandmother go to top of high mountain near 
village and make grass house there. He places two fierce dogs at door to guard 
house. Boy knows people who are planning to kill him by means of his shells. 
They die one after another, and people suspect boy is bewitching them. Many 
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w ar riofB try to steal to his home to kill him, but he hears them coming and sets 
dogs on them. Piaally, Medidne-Screech-Owl decides to interfere. He starts np 
trail to boy's house, and blows so hard that it takes magic power of sonnd from 
shells. Near top of mountain he blows breath again, and dogs roll over asleep. 
He passes dogs and blows again, and old woman falls asleep. He does same with 
boy. He enters house and takes shells o£f boy, walks around, and then goes away. 
When almost down mountain he blows breath and boy wakes up. He misses 
shells and begins to look for them. Grandmother will not wake up and he shakes 
Medicine-Screech-Owrs breath out of her. Dogs will not wake and he knocks 
breath out of them with club. Dogs wake up and scent Medicine-Screech-OwPs 
tracks. They start after him and come to big circle of fire. In midst stands 
Medicine-Screech-Owl wearing shells. They can not get through fire, and return 
without shells. Medidne-Screech-Owl keeps them some time, and then takes them 
back to boy and makes him promise not to bewitch people any more. 

19. MEDICINE-SCREECH-OWL. 

On Medicine-Screech-Owl's first birthday he is given bow and arrows. He names 
himself Medidne-Screech-Owl and will not have any other name, although there 
is ez-chief by that name. Ex-chief hears that child's name is same as his, and 
says he will kill boy if he does not do what he tells him. He sends for boy and 
gives him watermelon seed and tells him to plant it that evening and in morning 
to bring him big watermelon to eat. Boy takes seeds and throws them on ground 
near his lodge. Watermelon plant springs up and in morning many large water- 
melons are on it. Boy takes melon to ez-chief, who is surprised and determines to 
destroy boy. Ez-chief again sends for boy and tells him to take large bull to his 
house and bring milk the nezt morning. Boy takes bull and in mommg goes near to 
ez-chief 's lodge to chop wood. Ez-chief sees him and asks him if he has already 
milked bull. Boy says he has not, but is in hurry to cut some wood, as his father is 
going to have child. When ez-chief asks if he has ever seen man have child, boy 
asks him if he has seen bull give milk. Third time ez-chief sends for boy, saying he 
and some friends are going to have fine time. They dig very deep hole and cover 
it with buffalo robe. Boy is told to sit on hide, and he goes down into hole, which 
ez-chief fills with stones and dirt until he supposes boy is dead. Man tells ez-chief 
that boy is still living, and ez-chief sends for him fourth time. He tells boy to go 
and sit down in middle of big fire. Boy does so and sits until fire bums out. He 
then arises unharmed. Boy makes big fire and tells ez-chief it is his turn to go 
into fire to show whether he has any power. Ez-chief goes in and is burned to 
death. Boy now goes from place to place, although mother knows that people 
envious of his power would try to kill him. He hears three men talking about him 
and determines to visit them. They welcome him and ask him to go into lodge. 
He goes in first and then stands near door, which is very small, and kills the three 
men as they enter, one at a time. He hears of Snow-and-Cold, who lives far away 
in the north and whose visitors, if they stay over night, are frozen before morning. 
He starts to visit him and sails over lake on eagle feather he wears on his head. 
Geese on other side of water make noise, when any one crosses, to warn Snow-and- 
Cold's people. They do not see Medicine-Screech-Owl, who goes to Snow-and. 
Cold's lodge and finds him asleep. Medicine-Screech-Owl speaks and Snow-and- 
Cold looks around, but can see no one. Finally, boy shows himself and tells Snow- 
and-Cold he has heard so much of that place he has come on visit. In evening 



Il8 TRADITIONS OP THS CADDO. 

Snow-and-Cold tells boj to sleep on bed of snow. He watches boy and sees light 
near his head. Boj has feather sticking straight up on pillow. Snow-and-Cold arises 
and punches snow in place that seems like fireplace with cane, and fire springs oat. 
When he has warmed himself he covers fire and goes back to bed. Soon boy does 
same thing. In morning Snow-and-Cold calls to boy to get up. He thinks boy 
has been frozen to death, but he jumps up and says he has had fine sleep. After 
talking to Snow-and-Cold, boy goes back home. 

20. MEDICINE-SCRBECH-OWL. 

Beautiful girl, who had no male acquaintance, becomes pregnant. She can not 
explain it. She goes with other girls to dig potatoes, but can never find any. She 
hears voice cry, *' Mother," and it is that of child in womb. It tells her where to 
dig and she finds many large potatoes. Child is bom, and at his own request is 
called Medicine-Screech-Owl. Child grows rapidly, plays with other children and 
goes to watch them fish. He tries and catches big fish. Soon he acquires fame as a 
fisherman. Persons begin to fear him, and employ powerful medicine-maQ to kill 
him. One day while fishing he sees reflection of big cloud in water and knows 
medicine-man's intention to send Thunder to try to kill him. He walks into water, 
and when Thunder and Lightning come he raises bow over his head and Lightning 
rolls into water. This occurs again and again, and medicine-man, realizing that 
boy has more power over Thunder than he has, gives up. Long afterward, while 
resting in lodge, boy thinks something is going to happen to him. He gets his 
bow and arrows, lays on bed, and sings. Soon he hears great noise and he knows 
that medicine-man is sending cannibal monster to destroy him. He hears its roar 
and feels its hot breath and it leaps on his tip! and falls through. Then he arises and 
kills it. Afterward Medicine-Screech-Owl goes from place to place killing mon- 
sters and ferocious animals and healing sick. Where he i% death can not come. 
He heals sick by touch of his hand. Finally he tells people he is going to leave 
them, and disappears. 

21. THE ORPHAN BOY WHO BECAME A WRESTLER. 

Boy lives with old grandfather, who dies before he can teach boy to hunt. Boy 
begs from lodge to lodge, and at night returns to his lodge and cries. Boys come 
and tease him. He is brave, and when larger he makes bows and arrows and goes 
to hunt small game and has no longer to beg. When in timber he hears voice call- 
ing him. Strange boy comes and they play together. They try to see which is 
stronger, and orphan boy easily throws stranger. Orphan boy can not understand 
it. Strange boy says he is strong man and has given boy his power ; that he is now 
one of strongest men in world. Stranger disappears and next morning boy starts 
to hunt. He kills three deer and starts home with them. Load is heavy and he 
can not go fast. At night he hears voice and sees stranger again. He goes with 
stranger to place where his friends meet to wrestle. He wrestles and throws every 
one. They fear him and leave him with stranger. Strong man tells boy how to 
use his power and then disappears. Boy returns home and soon afterward boys 
have wrestling match . Young man calls him to come into ring. At first he declines. 
On second call he runs into ring and soon throws man and kills him. Others are 
afraid of his strength. People hear of his deeds, and soon he has respect and fear 
of all. 



ABSTRACTS. II9 

22. THB DANGEROUS WATER MONSTER. 

Man goes to creek to get water. He sees large animal like snake. It is moving 
slowly, and man runs two miles up creek before he comes to its head. He goes 
home and tells grandfather. He calls people together and tells them. They 
wonder whether it is good or evil omen. Old and blind man is sent for, and after 
a while he says sign is very bad, as it signifies waters will rise. Soon waters rise 
and form large lake. Lake is very dangerous. When crossing it no word must 
be said. Pour men hunt on other side of lake. They start back and cross lake 
without making any noise. When near opposite shore one man, to try it, talks 
very loud. Lake rises and drowns all men but one who warned man not to talk. 
He calls others and they search for bodies. Two are found, but body of man who 
made noise can not be found. 

23. SLAYING THE MONSTERS BY FIRE. 

In olden times world was full of wild animals who ate people. Coyote calls 
council to see what can be done with them. It is decided to set fire to grass and 
burn wild animals and everything on earth. White-Headed-Hawk and Crow are 
sent to Star to say that people are coming to his house to live. Star says there is 
room for people if they can get up there. Long rope of soapweed is made, and 
White-Headed-Hawk and Crow fly up with it and give end to Star, who puts end 
under big stone. Rope is so long it reaches to earth. Gray and Black Snakes 
carry fire over world. When fire comes near, people begin to climb rope. Then 
wild animals come and begin to climb up. Bat is sent to cut rope just above wild 
animals. Bat chews rope and rope breaks, letting all wild animals down. Many 
are killed. Bat goes down and sees immense animal on ground, and all others 
crawling into it to es^pe fire. Bat pulls hairs out of animaPs nose. Animal 
sneezes and blows all other animals out and they burn to death. Bat tells people 
all bad wild animals are killed, and they come down rope again. 

24. SLAYING THE MONSTERS BY FIRE. 

In beginning some animals live with human beings and are friendly ; others are 
strong and dangerous. Grass is taller than trees are now, and wild animals prowl 
through it. Morning-Star in council of people says only way to kill all dangerous 
animals is to bum grass all over world. Fire is man to do work, and Morning- 
Star appoints two men to assist him, Black-Snake, the fastest runner in the world, 
and Skunk, the slowest. Fire puts fire on end of Black-Snake's tail and between 
toes of Skunk's hind foot. They start in east, one going north, other south, to 
meet in west. People make rope of soapweeds to reach the sky. Pigeon goes 
up into sky to see when fire approaches. When rope finished, Crow takes rope 
and fastens it firmly to sky. As fire approaches, people begin to climb up rope. 
Bad animals get hold of rope and it moves upward. People send Bat, who has 
sharp teeth, to cut rope. Finally it breaks and lets bad animals fall down. Bat 
follows and sees animal so large he has room for all bad animals. These go in 
and Bat follows. He pulls hair from animal's nose. It sneezes and throws all 
animals out through nose. Animals are burned. Bat flies up to people, but is 
scorched, becoming yellowish. People return to world again, and ever since it has 
been good place to live upon. 
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as. HOW THfi BUFFALO CBA8BD TO BAT HtTMAN BBXNG8. 

At finl Buffalo ate hinnan bdnga. They were manj-colored and were ao vama- 
ona that men dared not go on plain alone. Bnaard ii onlj man who haa powcrta 
go in midst of them and kill them without being hurt. Other people live in vil- 
lagea and hunt together. Some men hunting turkey and deer, while 1 1 nwl^ 
prairie, tee black cloud coming and know it is great herd of Buffalo awccpuig down 
upon them. They throw away everything and, running very fast, take refuge m 
dense thicket. People now take courage and Tenture farther from home. Poor 
men go to hunt bear. They trail bear. It runs into open plain and mca kill it 
there. They hear noise like thunder and see Buffalo upon them. Buffalo catdi all 
bat one man, who gains timber and climbs tall tree. Buffalo try to butt it down, 
bat can not do so. At night man climbs down and runs home. People haatcn to 
place where companions killed, but find only few bones scattered about. Buffalo 
eat many people until Coyote comes. Then people go into another country. Coy- 
ote is last to go through gate, and shuts it, so no dangerous animals can enter. He 
lets through only few Buffalo who have not tasted human flesh and ao are not 
dangerous. 

96. THB GIRL WHO HAD POWBR TO CALL THE BUFFALO. 

Girl who has power to call Buffalo lives with six brothers. They are atars, and 
every night leave girl to travel through sky. In morning they put girl in swing 
hung from sky and swing her through air. Buffalo see her and come, and boya kill 
all they want. Coyote comes to live with them. Boys tell him to stay, but make him 
promise never to try to swing girl. One day while all brothers gone Coyote makes 
girl get into swing and he pushes her. Buffalo do not come, and he puahca her 
higher and higher, until she disappears. Coyote tells brothers monster has carried 
her off. They drive him away and tell him he and his children shall alwaya be 
hungry. They decide to go to sky and live with their sister. 

27. THE OLD WOMAN WHO KEPT ALL THE PECANS. 

Old woman is mother of pecan trees. She gives few pecans to people who go to 
lodge, but will not let them take any away. People are very hungry and decide some- 
thing must be done. Old man has four little sons who are very troublesome. 
People are field rats and they chose four boys to go to old woman's to steal some 
nuts. One goes to see if old woman is asleep. When she goes to bed and snores 
he goes back home to tell brothers. Then he sees Coyote, who tells rats not to 
trouble about stealing pecans, as next day he will kill old woman. In morning 
Coyote goes to see her, and as she is getting him some pecans, Coyote strikes her 
on head with stone knife and kills her. Old woman dies, and ever since pecan 
trees grow everywhere. 

aa COWARD, THE SON OF THE MOON. 

When people first come out of earth, little boy is taken out by grandparents who 
are poor. Boy is fed by other boys and grows rapidly. He becomes successful 
hunter. His grandparents die and boy wanders away into timber to mourn. Man 
comes and embraces him. He is Moon, and says he will be boy's father, watch 
over him, and give him power. Boy goea home and weeps no more. Girl comea 
and asks to become his wife, and they live together. Wife sees husband has great 
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power. Woumh aaki him to watch her child, who is asleep, while she goes to get 
When she has gone he wakes child np and cuts its leg off. When she 
I child is dead, and young man is playing with leg. She calls people, and 
they come and kill young man. He comes out of grave and looks just the same as 
befote he was killed. All men go on war-path except Coward, as people call him. 
When asked by chief why he does not go, he takes war club and goes out to fight. 
Arrows fly off from him and enemies see he can not be killetl. Men run, and he 
kflls many with war clubs. Next day he is sick, and vomits all arrow-heads that 
have pierced his body. He bathes and is well. Many years after he tells people 
Moon is his father. Then he arises and goes up to Moon. 

29. THE FIRST WAR PART\\ 

When people came into world they were divided into groups, and each group 
was given different name. Tribes began to fight each other, and Caddo fought 
Kiowa and Comanche. Caddo gather in council and chief sends errand-man to 
call all young men. Chief asks all who want to fight other tribes to sit in circle. 
Chief lays large buffalo hide in center of circle. He gives each man stick, and 
they beat hide with sticks and sing war song. They sing until Morning-Star drives 
other stars away. Chief and assistants go ahead to choose good place near water 
for camp. At dawn men march out, continuing war song, to place where they wait 
tmtil noon, so that others who decide late may join party. Wliile they are eating, 
chief makes speech, giving them rules for their conduct. They march by day and 
camp at night, chief in advance. When near enemy's country chief appoints four 
men as spies to go in all directions. They go on until they find enenty. and fight 
them, but scalp only one to show they have been victorious. Wlien Ivittle i« o\*er 
waniorB leave and do as they please. Word is sent home, and people deck them- 
•dvca with paint and feathers and go to meet war party. Scalp is put on pL>le and 
yoQBg men race for it. When they arrive at home all join in >i^-ar dance. 

30. THE POWER OF THE CYCLONE. 

As boy sits on bank of river resting after his morning bath, voice speaks to him. 
He sees nothing, but, after gazing into water for long time, he sees man slowly 
riaing to surface. Man comes and tells him to dive into ^^'ater four times and to 
always face west. He does so, and man says he is power of Cyclone, but is grow- 
ing old and his strength is going, and he has come to give boy his power. He tells 
boy to swing his arms about. He swings his arms and black cloud rolls up. and 
at he throws his arms farther, wind breaks from cloud and passes throngh forest, 
tearing up trees by roots and tossing waters in fury. At last man tells him to 
stand still, and boy drops his arms breathless and panting with exertion. Man 
tella him he has received power which he is to exercise only in spring, and calls 
him "Path-of-the-Cyclone.** Then man disappears. Years after people see boy 
carried through air to sky on cyclone. 

31. HOW THE CANNIBAL WAS DESTROYED. 

Three men out hunting come to large tree on which something has been climb- 
ing. Near the base is lar^ hole. Thinking bear is in hole, they thrust into it 
bundle of burning leaves and grass. Finally strange animal peeps from hole, and 
it ia cannibal. Men run, and cannibal scents their tracks and follows them. 

90 
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He overtakes one man, kills him, and carries him back to tree. He zetnms and 
overtakes second man, whom he kills and carries back. Third man is almost over- 
taken, but Mountain-Lion lies in wait for cannibal, seizes him bj throat, and kills 
him. When man gets home he tells people what has happened. Cannibal's bodj 
is eaten by white and black wolves, and when people go they find nothing but his 
bones. They go to tree where cannibal lived, cut it down, and find two bodies, 
which they bury. 

32 THE YOUNG MEN AND THE CANNIBALS. 

Ten boys live with grandmother. Oldest goes hunting and does not return. 
Next day one of his brothers goes to look for him. He does not return, and next 
brother goes in search of him, and so on until ninth boy goes, leaving little brother 
at home with grandmother. At last youngest boy goes in search of brothers, 
putting eagle feather in his hair. After looking far, boy sees tipi and hears voice 
referring to him as meat Old man comes out and asks if he is looking for his 
brothers. He says he will put him on path to find them, but boy must first do 
some work for him. He tells boy to put log on fire. He is to have four trials, and 
if he fails he is to lie on log and let man lift it. Boy can not move log, and lays 
down on it. Old man is about to spear him with iron nose of mask he wears, when 
unseen power pulls boy off log, and iron nose catches in log and holds man fast. 
Voice tells boy to take pounder from woman who is pounding corn and beat old 
man to death. Boy obeys, and, when old man dead, voice tells him to gather up 
his brothers' bones and put them in nine piles. Strange man appears and helps 
him, and then tells him to put his robe over bones, shoot arrow up in sky, and tell 
brothers to look out lest arrow hits them. Boy does so, and brothers jump out 
from under robe. Man tells them to burn tipi with man and his wife and scatter 
ashes. Man then says he is Sun and has helped them to destroy cannibals. Then 
he disappears. They return home to grandmother and tell story. People then 
know that Sun is their friend and willing to help them. 

33. COYOTE AND THE SIX BROTHERS. 

Old woman has seven sons. They are good hunters. One day oldest son goes to 
hunt and does not return. Several days after, his dogs come back, but he does not. 
This happens to six sons in turn. Mother will not let youngest son go. Long 
time afterward he sees Raccoon in tree. He chases it, and it leads him far into 
timber. It runs down hollow tree, and he climbs tree to get it out. Old woman tells 
him to throw Raccoon down, and she and his dogs will kill it. He throws Raccoon 
down and she kills it and one of dogs. Then she says there is another Raccoon in 
tree. He pulls it out and throws it down. She kills it and another of his dogs. 
This happens until he has pulled six Raccoons out of tree. As boy is about to pull 
seventh Raccoon out, it tells him to throw it as far as he can. While old woman is 
c basing him, boy is to run home as fast as possible, as old woman is witch and has 
killed all his brothers. He does so. When old woman finds boy is gone she starts 
after him, but can not catch him. That night boy dreams that he meets Coyote, 
who tells him his brothers are not dead, but are working for bad people and will 
soon die if they do not get away. Coyote promises to help him to rescue them. 
Next day he meets man, who tells him something. Man goes on and meets Plying- 
Squirrel, who is one of bad people's slaves. Coyote asks him about six brothers 
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and hears they are slaves. Coyote says he would like to help them, and Plying- 
Squirrel suggests that wicked chief be killed. Flying-Squirrel carries Coyote 
across river hanging to his tail. Coyote lets go of tail and falls into river. He 
hides until he thinks of plan. Then he turns into com mill and floats out on 
water. Woman persuades chief to get it, although he is suspicious. Woman uses 
mill, but one day all corn is sour. She tells chief, who says mill is Coyote. Chief 
has it placed on big log to spear it with his long, spiked nose. His nose sticks in 
log and com mill turns into Coyote. Coyote knows chief and tells slaves to kill 
him. Slaves are free and brothers return home. Afterward when killing game 
they leave some for Coyote. 

34. THE DEATH OF THE CANNIBALS. 

People of village Tall-Timber-on-Top-of-Hill decide to move to another. Young 
woman whose husband is dead gives birth to baby and has to stay until she can 
carry child. She remains in deserted village many days. One night she hears 
some one outside and strange voice begs admission. She lets man in and he says 
he is Spotted- Wolf . He says he has come to beg her not to start on journey too 
soon, for there are many dangerous animals in way. She says she is lonely and 
wants to go to her people. Spotted- Wolf then gives her some tobacco and tells her 
if she meets danger and needs help to throw some of it to four directions and call 
to him ; then he will come and help her. After few days woman starts with baby 
on her back. After traveling three days she sees in her way cannibal. She is 
much frightened and takes tobacco and throws it to four directions, praying that 
Spotted- Wolf would come. Soon big spotted wolves come from four directions 
and kill cannibal. Wolf from south conducts woman and child safely to her people. 
Another kind of cannibal lives as human being and eats dead people. They pre- 
tend to be sick when they hear of one who is about to die, and when he dies they 
pretend to die and are buried. In night they jump out of graves and steal dead 
person before spirits can take him away. An old medicine-man watches one of these 
beings for long time. Then he pretends to be very sick and spreads news that he 
is about to die. Soon he hears that watched person is sick, and then he pretends 
to die, first telling his sons to put bow and arrows in his grave and not to put much 
earth over him when buried. Person pretends to die also and is buried. At night 
he jumps out of grave and goes to get medicine-man. Medicine-man hears him 
and jumps out of his grave and shoots an arrow through cannibal and kills him. 
Ever since bows and arrows are put in graves with dead, that they may shoot can- 
nibal. 

35. THE MAN WHO MADE ARROWS FOR GHOST. 

Two men hunt all day without finding anything. They stay in timber to hunt 
next day and go to sleep. They are awakened by voice whooping. One man is 
frightened and runs away. Other man stays, and soon dead person comes and 
asks if he can help him get into spirit land. He wants bow-string and two arrows. 
Man makes arrows and puts new string on bow. Dead person shoots arrows and 
goes up with them. He whoops to let man know that arrows have carried him 
up all right. Ever since bows and arrows are always made and buried with dead, 
that they may go to spirit land at once. 
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36. THE LAZY BOYS WHO BECAME THE PLEIADES. 

In beginning of world lives old woman with seven sons. They are full of fnn 
and play all day long. They will not work, and eat only in morning and evening. 
Mother scolds them, and one evening will not give them anything to eat. Boys 
are ang^, and next morning they go to playground and go around and around 
house, prajing to Spirits to help them. With every round they rise higher and 
higher in air, and at last go up to sky, where they are '*The Pleiades.'* These 
stars are seen during winter, but at beginning of spring, at work time, they are gone. 

37. THE LOST TIMBER SPIRITS. 

When world is new, Coyote decides that people dying return to earth after ten 
days. Finally he makes rule that if anybody dies and is buried within six days he 
shall stay under ground. If not buried by seventh day he may escape. If caught 
he is to be brought home. Fire is to be kindled all around him, and after being 
kept at home six days and nights he is to be washed by some old woman and he 
becomes real person again. At death body is laid in hole, head toward east and 
feet toward west. Fire is made at feet and kept up six days and nights. If fire 
goes out grave is found open and tracks seen toward east. When they follow 
tracks and overtake dead person, fire is built all around him until he tries to escape 
sparks. He is then coming to life again and is taken home, and in evening of sixth 
day bathed and will then live again. When dead person not caught he becomes 
like large monkey and lives in the thickets. These monkeys talk to people and 
they are thought to be crazy. When people meet them they always ask for wrestling 
match. They are still living, but do not talk as they did when world was new. 

38. THE MAN WHO TURNED INTO A SNAKE. 

Two boys go hunting. One of them kills snake and eats snake meat instead of 
buffalo. He turns into snake and tells friend to find hole for him to live in. 
Friend carries snake to hole. Snake tells him that when people go to hunt they 
are to offer presents to him and he will help them. Snake lives there many years 
until lightning kills him. 

39. THE WOMAN WHO TURNED INTO A SNAKE. 

Man has wife and dog. At that time animals talk, and dog talks to man and 
woman. Every day man goes to hunt, and as soon as he has gone woman goes out 
and does not return until evening. Dog tells husband, and he says dog is to follow 
woman next time. Dog does so and sees woman go to large tree and whistle three 
times. Third time big snake comes from large hole in tree, goes to woman, and 
coils round her body. Finally it goes back to hole. Dog tells man, and next day 
he makes many arrows and tells wife that he and dog are going fishing. Instead 
of fishing they go to place where snake is. Man whistles three times and snake 
creeps out When it reaches ground man shoots and kills it. He then cuts it into 
very small pieces to look like pieces of fish. They go to river and catch few small 
fish. Man tells wife he is going to cook fish and she is to go in grass house. Man 
cooks fish and snake flesh. He then takes snake flesh to wife for her dinner. He 
and dog eat fish. Man sends dog to see what wife is doing and he sees she is 
eating snake. Second time dog sees she is scratching herself all over. When she 
scratches, skin turns color of snake skin, until finally she turns into snake. She 
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creeps away from grass lodge and goes to find snake. Some time after, when out 
hunting, man hears voice inside large tree and large snake comes out of tree. He 
knows it is his wife, but he passes on. 

40. THE GIRI^ WHO WANTED TO MARRY THE CHIEF. 

Two twin daughters hear of chief in another village and obtain parents* consent 
to go and offer themselves in marriage to him. They start in search of chief's 
village. They meet man with turkey and tell him. He says he is chief, and is 
willing, but asks them to wait until he runs home and tells his grandmother. 
Man is Owl. He runs home and tells grandmother to clean up lodge, as he is 
bringing home two girls on whom he is playing joke. In morning she is to ask 
which turkey she is to cook, that g^ls may think there are many turkeys and good 
things to eat. Owl goes for girls, who are pleased with things, and marry Owl. 
Every day he comes in with turkey ; as he goes to council and chief gives him 
turkey for allowing him to sit on his back. Finally twins grow weary of turkey 
and begin to suspect They follow Owl and peep through opening in g^rass lodge 
and see Owl sitting in middle with chief on his head. Girls scream. Owl recog- 
nizes their voices, jumps up, throwing chief off his head, and runs home. He 
scolds grandmother for letting girls follow him, and they slip off and return home. 
Owl, angry at being fooled by his own joke, tells grandmother they must kill 
people. They gather all water by digging big hole and draining waters out from 
all rivers, springs, and lakes. Water is all gone, and people are dying of thirst, 
while Owl is splashing about in big hole. Every one goes in search of water. 
Crow, who was suow white then, comes to field where grass is all withered and big 
grasshoppers are jumping about. He runs after them, and makes so much noise 
that people think he has found water. They run in great haste, and are so angry 
with Crow for fooling them that Coyote rolls him in black earth until he is black. 
Coyote makes rule that if any one makes loud noise and arouses people's expec- 
tations he must either lead them to water or take hard whipping. Turtle falls in 
great crack in dried mud and halloos for help. People run, thinking he has found 
water, and Coyote takes him out of crack and gives him so hard a whipping that 
his shell cracks. Turtles still bear marks of cracks on their shells. Some one 
hears big splashing noise. He goes on and comes to hole where Owl sits playing 
in water. He tells people, and they consider how they can get water from Owl. 
Plea goes to Owl's lodge and enters as his gprandmother is about to take bath. 
She has big jar full of water in front of her. Flea crawls up her leg and bites her. 
She gives big kick and upsets jar. When Owl sees water running in all directions 
he opens eyes wide in astonishment, and they have been that way ever since. All 
people are grateful to Flea. Coyote puts him on his back that he may have warm 
home. 

41. THE POOR HUNTER AND THE ALLIGATOR POWER. 

Hunters go on two months' hunt and take their wives with them. Among them 
are a poor man and wife who are starving. Poor man hunts day after day, but 
returns without anything. One day, after hunting all morning, he hears some 
one calling him. He goes and sees person who wants to find water. When hunter 
tells him there is water short distance off, unknown person asks man to carry him. 
He does so, and when they reach water person tells hunter to take off clothes and 
to get on his back. Man shuts eyes, and when he opens them he sees heads of all 
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ktsidi <4 afitmslf. Unknown pencm tells man to point out hfcads of 
wsntf to kill. He docs fo, and penon, who is called AIl^Hlor, gives Inm powexs, 
end when be is sgsin on dry land tells him to go Inmting. He kiDs four big deer, 
drcMCS then, and goes to camp. He takes his wife, with two hones, and finds 
dcaer , which be pots on borsrs. BTcrybody woodeis when thej see hones loaded 
with meat. After that, man never fails to bring back mnch meat when out hunt- 
ing- When people start back home, ther find that man they had made fan of is 
nuMi snccetsfnl of all banters. They name him Deer-Head, becanae of his btawei t 
in killing big deer. After many years he disappears, and his y o on ger brother 
«ays tome one came daring night and took him away home. Long time afterward 
banter shoots large deer, which walks very slowly, and after going over hill calls 
to him to come on. Man starts back home and people think Deer-Head has changed 
into deer, 

43. THE BOY WHO MARRIED A MOUNTAIN-UON. 

1/ittle 1^/y tells parents he is Red-Monntain-Lion, and they so call him. He be- 
comes a successful hunter. Once he acts qneerly when he returns from hnnt, and 
nest time f/rotber follows him. He tracks him to mountain cave, where he seea 
f/f'/tlter with female mountain-lion. When Red-Mountain-Lion comes home he 
acrt* ttrsngt^r than ever. Hearing lome one talking about going to kill mountain- 
\Um in vMyigf he starts off alone to bunt. When men come to cave they see foot- 
|/f iiiU (>f man and mountain-lion leading away from it. Man does not return to 
bis p«i/p)«, Init yeart afterward he is captured by hunting party and is carried 
h'rtmt, wlierc he stays. He and brother form war party, and he goes off to get 
ptf¥f9tr. He fttids rattlesnake skin and mountain-lion's tail. He takes them and 
pfsyt Ut rwtUrsnake and mounlain-lion for their powers. War expedition is given 
up and ifiaii neglects to throw away skin and tail. Long time afterward Red- 
Mmititaiti-Liim one morning heart turkey cackling. He goes to catch it and hears 
rsttlasnakiNi by his side. As be does not return, brother goes for him. He is 
Umuii uncmiNdcms and scalped. Tracks of mountain-lion are found. Medidne- 
fiiMii i'iifiir» snd tells lirother to return snimal's gifts to the woods, where Red- 
Mmifitslti-Lloti bail found them. Man obeys, and then takes brother to creek and 
Imlhirs liltii* ttsd-Mountain-Lion recovers, but is always foolish. He becomes 
mors fiMilinh in old nge snd does many evil things, and so is killed. 

43. BUFFALO WOMAN. 

C'NiMiibsl hs« hsiidsonie ion who will not marry. He is called Braveness for his 
hrsvKt y III liiiiitliig. He goe« hunting snd sees young and beautiful woman sitting 
iiiidKr pUu lilts. Hhe callN him and says she has come to meet him. She asks him 
Ut tsko lirr to bin home to be his wife. They btart for his home at once, and old 
\mi\i\if Isl girl l»ec()me non's wife. They live happily together for long time. 
TlisH girl SMkN liim to do whstever she asks. When he promises, she asks him to 
go with hsr to hsr home. They sUrt, and when they come to high hills, she says 
Uw horns is oil other side, and that people will bother him, but he is not to get 
•tigry. If hs dots, young men will kill him, as they are jealous of him. She then 
asks him to lay on ground and roll over twice. He does so, and is changed into 
IHiffalo. Than womsn does same, and becomes Buffalo. When they reach top of 
hill, thsy ssa thousands of Buffalo. They are woman's people. Braveness follows 
woman until thsy coma to old Buffalo cow, her mother. They stoy long time, and 
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as yottng Buffalo bother Braveness, they go back to his home. On way they 
become human again. Woman asks man to say nothing about transformation. 
They stay at home a year, and then decide to go and see woman's mother. After 
living with Buffalo long time, wife tells husband old people are thinking of killing 
him. He is to run in foot race. He is worried and goes out for walk. Unknown 
person tells him if he is beaten at running, he is to be killed, and so he is going to 
help him to win. He gives Braveness medicine root, which he is to throw behind 
him when one catches up with him, and he will leave him long way behind. Then 
he gives Braveness mud to throw behind him when second man overtakes him, 
after which he will soon be at stopping place. There person will meet him. Next 
day is day of race. Old Buffalo takes him to place where runners start. Young 
Buffalo make fun of him, but he places himself in their midst. Braveness leaves 
Buffalo long way behind at start, but they gain on him. He throws root, and he 
is far ahead again. He gives out and one Buffalo gains on him. He throws mud, 
and he is far ahead again. When nearing goal Buffalo is about to catch up with 
him, when heavy wind comes up and keeps Buffalo back until he reaches goal and 
wins race. He knows it is Wind who has saved his life. After race, no one 
molests him again. Afterward he and wife go to live with his people. When 
child year old, they go again to see wife's people. They remain three years, and 
then return to Braveness' home. Mother will not let child go out to play with 
other boys. He slips away and joins boys. They play buffalo, and when little 
boy rolls over twice, he gets up real buffalo calf. Boys run, and mother seeing 
them, goes out and finds son changed into buffalo calf. She runs down hill with 
him, becomes buffalo, and they run away before husband comes from hunting. 
He can not find his wife and son, and some one tells him what has happened. He 
does not believe story until he sees their tracks. He never hears of them again. 

44. THE GIRL WHO MARRIED WILD-CAT. 

Beautiful girl refuses attention of young men. Handsome youth comes and 
talks with father and brother, but pays no attention to her. Girl dreams of him 
when asleep ; sees him coming to her. She awakes and hears faint noise. She 
closes eyes and prays that dream may come true. She opens eyes and young man 
is bending over her. He begs her to go with him and she does so. When long 
way from home man tells her he is Wild-Cat, but she refuses to go back. They 
climb high mountain, and Wild-Cat leaves girl to fetch his grandfather Wild-Cat. 
Girl's brothers overtake them, and want to fight Wild-Cats, who are dressed like 
men. Sister cries and promises brothers she will soon return home. They go back 
and father is very angry. He goes in search of daughter and wanders about until 
he dies. 

45. THE WOMAN WHO TRIED TO KILL HER SON. 

Abut has wife and boy seven years old. He is always bunting. Wife dislikes 
boy and abuses him. She digs deep hole and throws him in, putting brush over 
it. Abut returns and asks for son. She says she has been looking for him all 
day. They look for him several days and can not find him. Boy grows hung^ 
and cries. Coyote comes, helps him out of hole, and takes him to Coyote's home. 
He remains several years ; then he tells Coyote he wants to go and see his father. 
He says he will tell father what happened, and that they will go on buffalo hunt, 
and that Coyote and family are to kill mother when she brings them meat. Coyote 
lets boy go home. He tells father what he is going to do with mother. Next day 
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they go huntiag and kill buffalo. While woman is cooking supper they hear 
Coyotes howling. After supper boy tells mother to get meat and come with him 
to feed Coyotes. She carries meat on back. When near Coyotes, boy pushes her 
down and Coyotes jump upon her. Father and son live together many years. 

46. THE JEALOUS HUSBAND. 

People go on war-path and spies are sent out to locate enemy. Leader chooses 
for spies two who are very close friends and always go together. One is married 
and other single. One day they come to high hill. They climb it and find on top 
big hole, like well, with water. Married man tells friend to go down in hole to get 
some water. He descends on long buffalo-hide rope. Instead of pulling him up 
again his friend throws rope into hole and goes away. He starts for camp and 
tells head man that his friend was killed by enemy who pursued them. Camp 
therefore breaks up and people return home. Man in hole asks birds passing over 
to take him out, but they take no notice of him. After nine days Buzzard flies 
over hole and man again asks for help. Bird passes again and again, and fourth 
time lights on ground. He peeps over rim of hole and tells man he will help him 
out, but he must first go for some medicine. Buzzard goes away, but comes back 
and flies to bottom of hole. He tells man to shut his eyes and take step forward. 
He is then on back of Buzzard, who flies upward out of hole. Bird takes man to 
borne of Buzzard, and there he remains until he can walk around. Buzzard tells 
bim his friend maltreated him because he had been told he was going to take his 
wife a^ay. He then says he is going to take man home, and tells him what to do 
there. They start and Buzzard tells man to shut his eyes. When near home he 
gets off Buzzard's back and goes to his lodge. He tells how his friend had beaten 
him and how Buzzard had rescued him. He then sends his sister to fetch friend's 
wife. Woman returns with sister and stays with man, refusing to go back to 
former husband. Afterward, whenever they go on buffalo hunt, husband kills 
one buffalo first, cuts it up, and scatters meat ; then he kills another one and 
takes meat home. When asked why he did that, he will not tell ; but once his 
uncle comes and asks him, and he says he had lived with woman many years and 
when he dies she shall drop dead, too. 

47. THE TURTLE WHO CARRIED THE PEOPLE. 

People travel about looking for village site. They come near big water and see 
what they think is large rock. They make village near rock, which they use as 
dancing place. After some time crier announces big dance. While all people are 
dancing on rock it begins to move. They see big head and legs appear from under 
it ; then they know they are on big turtle. They try to get off, but their feet are 
stuck tight. Turtle carries them into water and drowns them. 

48. WHY DOGS HAVE LONG TONGUES. 

When animals were like people, dogs were noted for telling everything they knew. 
Running- Water is great hunter, and wants dog to help liim who is not tattler. He 
tries to teach young pup not to talk so much. When big enough. Running- Water 
takes it to hunt small game. Every time man kills game, dog sneaks home and 
tells, returning circuitous way, as though he has been hunting all time. After time 
Running- Water goes for long hunt and takes dog with him. They kill many big 
animals and start for home. Running- Water misses dog and returns to camp for 
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him. Dog Is not there, and when Running- Water gets home he finds dog. He 
has told many big stories about animals they have killed. Running- Water is very 
angry and gives dog good whipping. He then catches hold of dog's tongue, pulls 
it as hard as he can, and then runs stick across his mouth. Since then dogs have 
long tongues and big mouths. 

49. WHY HAWKS HAVE THIN LEGS. 

Chicken-Hawk is poor hunter. He meets Eagle, and, pretending he has killed 
many big game before, asks him if he will help him to kill antelope. Eagle prom- 
ises on condition he can have half meat. Hawk goes home and tells family he has 
shot antelope in head and is going in morning to kill him. Hawk and Eagle go 
hunting together and find antelope in mountain. Eagle kills it and they divide 
meat. EUiwk takes meat home and tells family he has given part of meat to poor 
hunter who had never tasted antelope. Family tell every one what good hunter 
Hawk is. Friend visits him to see if reports true. Hawk hunts all day and returns 
with only mouse, which friend refuses to eat. He hunts next day and can not find 
anything. He is so ashamed that he cuts meat off of his legs to take home for 
friend to eat. This is why hawks have no meat on their legs. 

50. THE POWERS OF BUFFALO AND BEAR. 

Once, when animals understood one another. Bear and Buffalo met. They told 
each other of their powers. Bear says he was once human being and went with 
people. One night he dreamed that he became Bear and that human being was 
pursuing him and shooting him with arrows. When he awoke he found all was 
true. He left people and began new life in mountains and woods. Buffalo then 
speaks and says he, too, was like human being. His people were called Buffalo 
after oldest chief. When people began to enter this world Buffalo people were 
forbidden to enter, because some one had made mistake. They found out it was 
Coyote, and they prayed that Father would give him powers, so that he could 
enter world and take them along. They had to change into wild animals, and for 
love of people to be their game. Then they were given powers to be dangerous 
and horns to fight with. Then Bear asks Buffalo to show what he does when he 
wants to hurt or kill any one. Buffalo watches him, and before he knows what 
has happened he is falling to ground and Buffalo is coming at him again. Buffalo 
asks Bear if he saw him when he first started after him. He says, '*No," and 
Buffalo asks him to show how he uses his powers. Bear walks back and forth 
looking at Buffalo with angry eyes, then moves slowly toward small tree, which he 
grabs and cuts down with his sharp teeth, and before Buffalo knows, Bear is upon 
him, and he is trying to get up from ground. Bear holds him down until he is 
ready to give up. When Bear lets him go they part and go to their homes. 

51. HOW RABBIT STOLE MOUNTAIN-LION'S TEETH. 

Rabbit, in absence of grandmother, goes to house of Mountain-Lion. He is not 
at home. Rabbit finds Mountain-Lion's teeth and takes them home. Rabbit tells 
grandmother Mountain-Lion will come after his teeth and they must fool him. He 
tells her to build fire outside of door and put on it kettle of water, and to put some 
stones into water and boil them. When Mountain-Lion comes she is to tell him 
that she is boiling stones for ''Chief of all the beasts," who is Rabbit's guest 
Mountain-Lion comes, and when he hears what grandmother says, he runs away as 
fast as he can. 
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52. RABBIT AND THE DANCING TURKEYS. 

Rabbit and Wild-Cat meet and begin to fight. To save his own life, Rabbit says 
he will show Wild-Cat how to catch Turkeys. He tells him to stand still while he 
sings Turkey dance song. Rabbit sings, and then tells Wild -Cat to lie down and 
pretend to be dead. Turkeys hear song and come to see what it is about. Rabbit 
tells them he has k illed Wild-Cat and they are to dance victory song. Turkeys dance 
and Wild-Cat jumps up and grabs big Turkey. As he does so Rabbit runs away and 
escapes. 

53. ADVENTURES OF COYOTE. 

In beginning of world people held councils to decide about things. Question 
comes up, what kind of rain there shall be. Rain in form of lead balls is proposed. 
Coyote objects, as lead would be dangerous, and suggests drops of water. This is 
accepted. Coyote goes traveling and comes to place where great powerful Bear 
lives. Bear says if he is Coyote he will kill him. Coyote pretends to be son of 
powerful medicine-man. Bear decides to kill him, and Coyote tells Bear to wait 
until his father sees him. This is at sunrise, when Sun peeps over hill. Coyote 
says Bear can kill him, as father is watching him. Bear thinks Coyote must be 
great man and becomes frightened. He gives Coyote many things to eat. I/>ng 
after. Bear discovers that he has been deceived and tries to find Coyote's home to 
kill him, but without success. Coyote moves from place to place and meets 
Mountain-Lion near lake. He tells him he is very hungry, and they go together to 
lake. Mountain-Lion climbs the tree and tells Coyote to hide. Wild horses come 
to water, and Mountain-Lion jumps and kills young horse, which they have for 
dinner. Mountain-Lion teaches Coyote how to kill horse. Next day he does so. 
Mountain-Lion tells him not to try to kill three or four year old horse. Coyote 
leaves his friend and next day goes to lake and thinks he will try to kill largest 
horse. He jumps from tree on large horse, which throws him off and kicks him 
under jaws. Mountain-Lion comes and Coyote asks him what he is laughing 
about. Coyote is not able to move for a long time and then leaves place. He 
hears some one in persimmon tree and finds Opossum eating persimmons. He 
asks Opossum for some, but Opossum laughs at him. While pretending to fall 
from tree, limb breaks and Opossum comes to ground. Coyote gives him good 
beating and leaves him to die. Opossum fools him, and when Coyote goes away 
Opossum climbs tree again and laughs at him. 

54. COYOTE ESCAPES AN IMAGINARY FOE. 

Coyote goes hunting buffalo. He sees Turkey on top of tall tree and threatens 
to kill him if he does not get down. Turkey starts out toward prairie, as Coyote 
says he has no power to kill anything on prairie. When Turkey comes to ground 
Coyote catches up with him and kills him. While eating Turkey, Coyote looks 
around to see that no one is watching hiui. He thinks he sees somebody standing 
behind him, making motions as if to strike him. He starts to run, every now and 
then looking back to see if he is out of reach. He thinks he sees man right after 
him, ready to hit him, and runs with all his might. Coyote was given power at begin- 
ning of world to run without decreasing his running powers. He has run eight 
times, and ninth time he runs farther than usual. Again he looks around and 
thinks he sees man about to hit him. When running tenth time his powers are 
decreasing, and he dodges from right to left to fool man. Coyote gives out when 
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mnnuig twelfth time. He tarns on his back and begs not to be killed. He falls 
over on his face and hears something crack. It is tnrkey feather, which had stnck 
between his teeth and is nearly straight np above his right eye. He finds he has 
been fooled by tnrkey feather and is very angry. Ever since he has looked wild, 
and when he runs first looks around to right and then to left to see if anybody is 
near him. When he reaches home Coyote says he has killed Mountain-Lion. 

55. COYOTE GOES FISHING. 

Coyote goes hunting along river and meets man canning fish. Coyote asks him 
how he got fish. Man, who has been tricked by Coyote, tells him to go to edge of 
river in evening and stay until he comes to see him. Coyote goes and finds man 
waiting for him. Man tells Coyote to sit by edge of water while he breaks ice. 
Coyote does as man tells him and sits by bank fishing all night. Water freezes on 
Coyote's tail, and in morning he can not move. Man comes and asks if he is 
catching any fish. Coyote says he thinks he has caught two or three, and asks man 
to help him to land them. Man reminds Coyote of his trickery and tells Coyote 
he is going to kill him. Coyote denies trickery and offers to go and bring one that 
man is looking for. Man goes to lodge for bow and arrows, and on return sings 
death song, and then shoots and kills Coyote. 

56. COYOTE HUNTS GEESE. 

Coyote once man. People dislike him and call him coward, as he is always try- 
ing to cheat some one. He visits his best friend and finds he has been feasting on 
white geese. Coyote asks friend where he got them. Friend tells him to come 
back in evening and he will show him where geese come. When Coyote is out 
of sight, friend carries ashes from fire and forms them in shape of geese near lake. 
Just before evening he goes and puts coals under ashes. Coals bum up, but fire 
can not be seen from outside. When Coyote comes they go to place, friend taking 
lead. He pretends not to see first pile of ashes. When Coyote sees it he prepares 
to jnmp, and friend laughs. Coyote pays no attention, but jumps on pile of hot 
ashes and bums himself. He runs away, but is burned so badly that he runs until 
he kills himself. 

57. COYOTE IMITATES HIS HOST. 

In old days, when animals talked and visited each other. Coyote and Raven were 
great friends. Coyote, weary of hunting without success, goes to Raven, who 
has control of buffalo. Raven, seeing Coyote sad and silent, shoots arrow into air 
and waits for it to come down. It pierces him under right arm. He draws arrow 
out, and with it comes buffalo meat and fat. He gives meat to Coyote, who eats 
heartily. Before he goes he invites Raven to visit him. Coyote makes bow and 
arrows and puts them away until Raven comes. Raven pays Coyote visit. After 
talking, Coyote says he has no food, but will soon have some. He takes bow and 
arrow ; shoots arrow into sky. When it comes down it strikes him in thigh. He 
runs away, screaming with pain. After waiting a while Raven goes home withont 
any meat, but much amused at Coyote's performance. Coyote's friends wonder what 
has become of him, but he grows very hungry, and not finding any food he goes to 
visit Black-Mountain-Bear. Bear regrets to have no food, but leans against persim- 
mon tree and ripe fruit falls to ground. Coyote eats many, and before going insists 
that Bear come to see him. Coyote can not find persimmon tree with fruit on it. 
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He cuts down tree without fruit and takes it home, where he sets it up. He then 
takes persimmons he has stolen from Bear's home and others he finds and places 
them all over tree as though they have grown there. Black-Mountain-Bear goes 
to visit Coyote, who bumps head against tree, but persimmons will not fall. Finally 
he arises and gives tree big shake with hands, and it falls over, hitting him on 
head. He pretends not to be hurt and gathers up fruit for Bear. Bear can hardly 
swallow for laughing, as Coyote's head keeps getting bigger and bigger. Bear soon 
goes, and Coyote holds his sore head, but is happy for having furnished food for 
Bear. 

58. COYOTE IMITATES HIS HOST. 

Co3rote, looking out for something to eat, comes to grass lodge. He enters and 
sees man walking about with light on his head. Coyote calls out to him that his 
head is on fire. Man smiles and says he has always worn light, and it will not 
bum anything. Man is Woodpecker. He gives Coyote something to eat. Coyote 
goes, after eating as much as he can, and asks Woodpecker to make him a visit. 
Some time afterward Woodpecker goes to Coyote's lodge and is surprised to see 
im with big bunch of burning straw on his head. Woodpecker tells*him to take 
it off, but Coyote says he always wears it at night. As he finishes speaking, his 
hair catches fire, and he runs out of lodge screaming for help. Woodpecker waits 
for his return, but he does not come. 

59. COYOTE, THE DEER, AND THE WIND. 

Coyote meets Deer, who asks him how he kills his game. Coyote replies he can 
kill anything he can lay his hands on. Deer tells Coyote if he can catch Deer he 
may kill and eat him. Coyote tries to catch Deer, but without success. One day, 
after trying to find him asleep, he lays down in grass to take nap. When he 
awakes, he hears some one singing near by. He is frightened and peeps about, but 
sees no one. He hears his name mentioned in song, and jumps up and runs as far 
as he can ; then he drops to die. He hears voice again, and it says that he is Wind, 
and is going to give Coyote power to catch Deer. Coyote arises and barks thanks. 
He starts out to find Deer and travels all day, but can not find him. He comes 
to camp where he steals buffalo robe. He puts robe over him, and goes on to look 
for Deer. He thinks he sees him near river, goes round another way to get close, 
and grabs him. To his surprise, he has man whose robe he has stolen. Man takes 
Coyote home and makes him work for him and his sister, treating him cruelly 
because he has stolen robe. One time while man out hunting, Coyote makes sister 
pack her clothes and go away with him, saying her brother is killed. They start 
for Coyote's home. Coyote goes behind girl, and whenever she stops or falls hits 
her with stick. Man returns, and finds sister and Coyote gone. He starts after 
them and soon catches up with them. He shoots arrow in front of sister. She 
sees it and knows her brother is coming to help her. She cries for joy and Coyote 
whips her. Man goes on hill and shoots another arrow. Coyote sees man and is 
frightened. He pretends to be kind to girl, and tries to deceive man when he 
comes down hill and asks where Coyote is going with sister. Man makes Coyote 
put bundle of clothes on his back, and tells sister to sit on bundle. He puts bow- 
string through Coyote's mouth and gives ends to girl. She saws string back and 
forth, and man runs alongside of Coyote, whipping him, thus returning home. Man 
is Wind, who has become angry at Coyote for stealing his robe and trying to catch 
Deer with it, instead of waiting for power. 



ABSTRACTS. 1 33 

6a COYOTE DIVES FOR MEAT. 

Coyote kills big deer, which she hides in^tree while she goes for her children. 
Wild-Cat sees her, and when she has gone, steals meat and climbs tree on bank 
of river. Coyote returns with children, but can not find meat "Wliile children 
are abusing her she sees reflection of meat in water and thinks it is meat. She 
dives into water and reaches for meat, but can not get it. She ties stones about her 
neck and dives again. Coyotes wait long for mother, and after a while they see 
excrement on water and think it is meat. They laugh, and Wild-Cat laughs at 
them. They look up and see Wild-Cat and meat in tree. Wild-Cat tells them 
that mother is drowned. They cry, and Wild-Cat climbs down and gives little 
Coyotes all they want to eat and takes them home. He cares for them until they 
are grown. 

6i. COYOTE, THE GEESE, AND THE WOODPECKERS. 

Coyote, returning home after unsuccessful hunt, hears laughing and playing. 
He runs over hill, and on other side is big lake, with several white geese playing 
on surface. Coyote watches them from bushes until he thinks of plan whereby he 
can catch them. He limps out from bushes, pretending he has been hurt. Geese 
hear him and swim out into water. One then asks Coyote what is the matter, and he 
answers that he will be killed if he does not get across water, and then all rivers 
and lakes will dry up. Geese know that Coyote is lying and decide to take him 
and throw him into deep hole. Old Goose tells Coyote to get on his back. Coyote 
at first objects, but at last does as he is told, and Goose flies up in air. Other Geese 
follow and take turns in carrying Coyote. They fly over timbered country away 
from lake and drop him into hollow trunk of tree. He can not get out, and is 
frightened almost to death. Ply comes and Coyote prays to him for power. Ply 
goes and brings Woodpecker, who, finding Coyote really wants to get out, fetches 
some of his brothers. They peck big hole in tree. Coyote tells them to stick their 
heads in and see if he can really get out, and then bites their heads off. After he 
has eaten Woodpeckers, Coyote escapes. 

62. COYOTE AND RABBIT KILL A BUPPALO. 

Rabbit hunts for food, and one day goes far away without finding any game. 
He is going home playing and singing when Coyote sees him. Coyote steps be- 
hind Rabbit, yells *' Bo ! '' and makes grab for him. Rabbit is frightened, but tells 
Coyote not to kill him, as he knows where is good fat buffalo. Rabbit leads way 
to where old buffalo stands. Rabbit tells Coyote to climb into animal. Coyote 
obeys, and Rabbit follows. They then begin to eat buffalo's side, and soon it falls 
dead. Old man comes and begins to butcher buffalo. Rabbit tells Coyote to hide 
in intestines, and he hides in bladder. Old man places intestines on one side, but 
throws bladder in bush, where Rabbit crawls out and escapes. Coyote is discovered 
and killed. 

63. COYOTE, MOUNTAIN-LION, AND RABBIT. 

Coyote hears crying like child. He finds Mountain-Lion's den and yomng there 
alone. He is hungry, and kills and eats them all. Mother comes back with food for 
young and can not find them. She follows Coyote many days, and when sitting 
on bank of river to rest sees Rabbit She calls him and asks him to help her to 
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capture Coyote. They f^ along river together and find deer. Mountain-Lion 
kills it. When they have butchered it she tells Rabbit to cover her face with fat 
and then put deer on her back. Rabbit then gets on top of deer. While crooring 
prairie some one calls out asking Rabbit where he got his fine horse. Rabbit pre- 
tends not to hear, and voice again calls to him. Rabbit goes on until Coyote 
catches up with him and tells him to get off, as horse is his. Rabbit jnmps off, 
and as Coyote is about to get on he stops to bite piece of fat off its face. He recog- 
nizes Mountain- Lion and starts to run. Mountain-Lion springs npon him and kills 
him. 

64. COYOTE BECOMES A BUFFALO. 

Coyote meets Buffalo and asks him for power to turn into Buffalo and eat grass. 
Buffalo consents, and tells Coyote to stand facing other way and not to move. 
Buffalo throws up dirt with hoofs and makes plunge toward Coyote, who jumps 
out of way. This is repeated six times, but seventh time Coyote stands firm and 
Buffalo throws him up into air. When he comes down on feet he is very young 
Buffalo. He begins to eat grass at once. Old Buffalo tells him he can become 
Coyote again by rolling over two or three times in Buffalo wallow. He cautions 
him that power is good for only seven times, and that he must not give power to any 
one else. Buffalo then makes him change back into Coyote and leaves him. 
Coyote soon begins to try his power, and before meeting any one has tried it six 
times and has turned into Buffalo seventh time. He meets Coyote and asks him 
if he does not want some of his power. He tells him to stand facing other way 
with eyes shut. He starts at him and at last attempt they both go into air and they 
both come down Coyotes. 

65. COYOTE AND THE TURKEYS. 

Coyote is looking for something to eat and hears voice. He goes and finds Tur- 
keys having fun by getting into sack and rolling down hill. Coyote lets Turkeys 
roll him down hill several times. Then he tells Turkeys to get into sack and he 
will roll them down. All crawl into sack and Coyote ties it fast at each end and 
starts for home with it. He calls his four sons and takes Turkey out of sack. He 
tells sons to build big fire and they will have feast. They go to timber for wood 
and leave sack in charge of youngest son. Coyote tells him not to untie strings. 
Young Coyote unties strings and looks into sack to see what Turkeys are doing. 
Turkeys all run out and fly away. He does not know what to do, but finally fills 
sack with dirt. Father returns and says they will have fine feast. When he opens 
sack he finds only dirt. He is very angry and kills young son and eats him instead 
of Turkeys. 

66. COYOTE'S EYES ARE REPLACED BY BUCKEYES. 

Coyote is hunting and hears voices. He thinks they are turkeys making noise 
and goes to catch them. He finds Ducks playing in water and theylask him to join 
them. He consents to play at taking eyes out. First Duck has eyes taken out, 
then he dives into water and his eyes are thrown after him. When he comes up 
he has them in place. All Ducks take turns. Then Coyote [goes through same per- 
formance and comes out all right. Ducks have power to do almost anything, but 
to do it only once. Coyote wants to try trick again, but Ducks object. At last 
they take his eyes out and he dives into water. Dncks all fly away and leave 
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Coyote. He goes along talking and crying. Man finds him and goes to get some- 
thing to make him new eyes. He returns with green buckeye balls. He hits 
place of right eye with buckeye ball, and then place of left eye with another ball, 
and Coyote's eyes are restored. 

67. COYOTE AND TURTLE RUN A RACE. 

Coyote, returning from unsuccessful hunt for game, passes home of Turtle. 
Turtle invites him in and offers him something to eat. Turtle is tired and says 
he has just come back from races. Coyote and Turtle arrange to have race two 
days hence. Coyote sends son to announce race to Coyote people and tell them to bet 
heavily, as he would defeat Turtle. Turtle sends son to announce race, and that 
best runners are to come to his lodge. They come, and Turtle asks them to help 
him to cheat Coyote out of race. Each is to put white feather in his hair and to 
paint himself to look like Turtle. They are to station themselves at intervals 
along course. One is to start with Coyote and when far behind is to drop into 
grass. Then next one is to jump up aud run, then next one, and so on until last. 
Turtle will be last and beat Coyote over goal. On day of race Turtles station them- 
selves along way in tall grass. Coyote comes and wants to run short distance, but 
Turtle insists on long distance. Many Coyotes come and bet on Coyote. They 
start and Coyotes laugh, for their man is far ahead. Soon to their surprise Turtle 
is ahead. Coyote overtakes Turtle, and they laugh again. They hear Turtles 
cheering and Turtle is far in lead. The race then goes on, and just as Coyote has 
passed Turtle and is near goal. Turtle crosses line and all Turtles set up loud cheer. 
Coyote runs off in grass and is wondering yet how Turtle beat him. All other 
Coyotes are angry because he makes them lose so many bets. 

68. COYOTE, WILD-CAT, AND THE OLD WOMAN. 

Old blind woman lives alone. She always has plenty to eat. Whenever she 
sits down to eat she speaks as though talking to some one. Wild-Cat smells meat 
and goes in. He sees old woman is blind and slips quietly to corner. She speaks, 
but then begins to eat ; so Wild-Cat slips over and begins to eat, too. He is careful 
not to make noise, and when little left in pot quietly slips away. He comes there 
every day and grows sleek and fat. Coyote meets him and asks where he gets so 
much to eat. Wild-Cat tells him and agrees to take him, on his promise to keep 
very quiet. They go and sit near door while meat cooking. They steal meat out 
of pot. Coyote forgets all about keeping quiet and cracks bone so loud that old 
woman jumps up. Wild-Cat gets out of house. Old woman runs to door and 
closes it She takes long spear and pokes around room. Spear pierces Coyote. 
He cries out with pain, and she continues poking until she kills him. Wild-Cat 
comes next day and finds Coyote dead. He is sorry, because he is afraid to go to 
house again to eat. 

69. COYOTE CHALLENGES THE SNAKE. 

Coyote goes from place to place to find Snake. He stops to rest and soon hears 
some one calling him. Snake comes up, and Coyote, after referring to Snake's 
supposed power, says he wants to see which of them has most power. Snake 
agrees and suggests that they bite each other once. Coyote says snake is to bite 
first. Snake goes up to Coyote and bites him on top of nose. Coyote asks if that 
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kftUiHMk* c«n do, uid Mjfbe will ih<3r«r Ilk power. HecoBMStoSBakeaadl 
btn ntMflj to two, Tliej go little w«j off aad fie down. Cofole alls to Saake 
*nd h«*» him uuwcr in low voice. Snake then calli toCojote, who answen witk 
t/ig voi/je. They keep calling to one another all night. Toward dajlight Snake 
call* Cfjy*A/t and no answer ccn:ea. After calling fcnrth time. Snake goes to aee 
wlut ia the matter and find* Coyote all swollen and dead. 

70. COYOTE TURNS INTO A CORN HILL. 

W'/nuin make corn miUt from tmnk of old tree. There are man j sccfa mflla, 
\mi ont: t4rrj o\«\ and «mooth, women like best. Woman poonds com in old mill 
an/1 when ^ttmn«\ *be nee* she baa only little. She watches other women and com 
diMf/;«ear* in ftame way. They examine mill and woman suggests that they cut it 
with aae U> %^tt whirre com has gone. Mill falls over and Coyote jnmps np \ 
f tint away, lie baa turned into com mill, so that he can get all he wanU to cat. 
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